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(57) The present invention relates to radio 
engineering. The invention provides enhanced 
performance of wireless communication 
systems. The method is that N diversity signal 



transmission channels are generated, the input 
symbol flow is used to form packets each 
having M>N symbols if N is not equal to the 
power of two, the symbols of each packet are 
used to form N orthogonal symbol sequences 
(OSS) in such a way that each of them will 
contain all symbols of the packet, the rule of 
forming OSS should be known on the 
receiving side, the diversity channel is assigned 
to each formed OSS of each packet and the 
packets are transmitted serially. The device 
comprises symbol packet forming unit, pilot 
signals forming unit, N modulators, N transmit 
antennas, a block of symbol packet length 
calculation and OSS generator are added. 
2 independent and 7 dependent claims, 13 
drawings. 
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paflHOTexHHKH. TexHHMecKHH pe3yjibTaT 3a- 
KJiicmaeTca b riOBbiiiieHHH noMexoycroHMMBocrH 
CHCTeM paflHOCBH3H. Cnoco6 3aKJiioHaeTCH b 



TOM, MTO (J)OpMHpyK)T N pa3HeceHHbix KaHajlOB 
nepeaawH cnrHa^a, H3 BxoAHoro noTOKa 
chmbo^ob cjjopMHpyiOT naxeTbi no M>N 
chmbojiob, ecnH N He paBHo creneHH *n*cna 
ABa, M3 chmbojiob xa>KAoro naxeTa (JjopMHpyiOT 
N opToroHanbHbix nocneaoBaTeJibHocreH chm- 
bo^ob (OTIC) t3khm o6pa30M, mto6h xaamasi 
H3 hhx coflep^ajia Bee chmbojim naxeTa, 

npHMCM npaBHJIO (J)OpMHpOBaHHfl OnC flOJl^CHO 

6bITb H3BeCTHO Ha npweMHOH CTopoHe, Ha3Ha- 
M3IOT Kanajl pa3HeceHHH Xa>KflOH ccfcopMMpo- 
bhhhoh OIIC xa^aoro naxeTa h ocymecTB;i5iK>T 
nocneziOBaTejibHyio nepeflawy naxeTOB. Yctpoh- 
ctbo coflep^cHT ^opMHpoBaTejib naxeroB chm- 

BO.HOB, 6jlOX <f)OpMHpOBaHHfl nHJIOT-CHrHaJlOB, 

N MoayjiHTopoB, N nepeaaromnx aHTeHH, 
AonojiHHTejibHo BBeaeHbi 6/rox pac^eTa ajikhh 
naxeTa chmbojiob h 6jiox (JjopMHpoBaHHH One, 
2 c. h 7 3.n. cjwiw, 13 hji. 
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H3o6peTeHHe othochtch k o6^acTH paAHo- 
TexHHKH, b qacTHOCTH k cnocoSy pa3HeceHHOH 
nepejxaMM cnrHaAa h ycrpoHCTBy aas ero 
pea^H3auHH. 

OAHOH M3 OCHOBHblX npiIMHH CHHJKCHH5I 

noMexoycTOMMHBOCTH h, K3K cacactbhc npo- 
nycKHOH cnoco6HOCTH npH hoabh>khoh pawo- 

CB5I3H HBA5HOTC5I 3aMHp3HH5I CHTHaAa. RjlSl 
6opb6bI C HHMH IipHMCH^IOT p33AHMHbie BHflbl 

pa3HeceHH^, Han6oAee paAHK3AbHbiM H3 koto- 
pbix hbasctcsi npocTpaHCTBeHHO-pa3HeceHHHH 
npHeM. Flo pauy tcxhhmcckhx h skohomhuc- 

CKHX npHMMH npOCTpaHCTBeHHO-p33HeceHHbIH 

npneM npHMeH5ieTCH b ochobhom Ha 6a30Bbix 
CTaHUH^x (BC), T.e. b o6paTHOM xaHaAe chctcm 
paflHocB^3H. B npflMOM xaHa^ne (HanpaBJieHne 

CBA3H OT BC AO M06mibHOH CTaHUHH (MC)) 

o6biMHO npHMeHfliOT BpeMeHHoe h/hjih ^acTOT- 
Hoe pa3HeceHwe. 

HeaocraTKOM sthx abvx bhaob pa3HeceHHa 
sBjiaeTca to, mto ohh Tpe6yioT 3aTpaT BpeMeHH 
nepejiaHH hjih noAOCbi msctot aaa Ay6AHpoBa- 
HHA nepeaaBaeMOH HHcfcopMauHH. IloTepH 
3(}}(l)eKTHBHOCTH b pe3yjibTaTe TaKoro Ay6AHpo- 
B3HH5I yuaeTca H36eacaTb, coBMemaa pa3Hece- 
HHe c ApyrnMH MerojiaMH o6pa6oTKH. 
HanpHMep, pa3HOBHAHOCTbK> BpeMeHHoro pa3- 
HeceHHH HBJiaeTca nepeMeaceHHe KOAnpoBaHHbix 
chmbojiob [1, J. G. Proakis Digital 
Communications, NY, 1995] b nepeaaTHHice. 
B cHcreMax cbs3h c IIIIIC MacroTHoe 
pa3HeceHHe peaAH3yeTCH 6AaroAaps uinpoKOH 
noAOce MacroT, 3aHHMaeMOH CHrHanoM. OaHaico 
h b 3tom CTiyMae hmciotcsi cymecTBeHHbie 
HeAOcraTKH. 

IlocKO^bKy nepeMe^ceHwe o6ecneHHBaeT 
pa3HeceHHe He Ha chmboabhom ypoBHe, a Ha 
ypoBHe naxeTa KOAHpoBaHHbix chmboaob, oho 

CnOCo6HO JIHEQb B HCKOTOpOH CTeneHH OC7ia6HTb 
BAH5IHHe 33MHpaHHH Ha nOMCXOyCTOHHHBOCTb 

npneMa. Ilpn stom pa3pbiBbi KOMnjieKCHOH 
orH6aiomeH CHrnajia nocne AenepeMOKeHHfl 

AeJiaiOT HeB03MO»HBlM OnTHMa^lbHOe COBMeCT- 

Hoe 3eMOAyAHpoBaHHe h AexoAHpoBaHHe npn- 
HHToro cHraajia. flpyron cymecTBeHHHH 
HeAOCTaTOK BpeMeHHoro pa3HeceHHH saxAiona- 
eTC5I B TOM, MTO H3-3a orpaHHneHHfl Ha 
3aAep;*Ky b nepeAa^e HHcJ>opMauHH BpeMeHHoe 
pa3HeceHHe craHOBHTca He3(}xJ)exTHBHbiM npn 
MaAbix ckopocthx abh^kchha MC, KorAa 
HHTepBaA KoppeAHUHH KOMiLnexcHOH orH6aio- 
men cHrHajia craHOBHTca coH3MepHMbiM hjih 
6oAbme HHTepBajia nepeMex:eHH5i. 

PeajiH3au,HH nacTOTHoro pa3HeceHHH b 
CHCTeMax CBA3H c myMonoAo6HbiMH cHrHajiaMH 
(llinC) HMeeT HeraTHBHbiH no6owHHH 3<j)4>exT. 



C OAHOH CTOpOHU, 3(J)C}>eKTHBH0CTb M3CTOTHOrO 

pa3HeceHH5i B03pacTaeT c yBejiHMeHHeM mnpn- 
hm cnexTpa LUFIC, npw stom bo bpcmchhoh 

06A3CTH CT3HOBHTCH B03M02CHHM pa 3 AHM eHM e H 

He3aBHCHMaa o6pa6oTKa MHoroAVMeBbix KOMno- 
HeHT (avmch) CHraajia, HbH oTHocMTejibHbie 
BpeMeHHbie 3aAep»cKH npeBbimaK)T iunpHHy 
nHKa aBTOKoppe^HUHOHHOH <t>vHKUHM llinC. 
Ho BMecTe c sthm, BeAHMHHa OTHomeHH^ 
CHrHaji/uivM b Ka>KAOM AyMe vMeHbtnaeTC^, 

nOCKO^bKy JiyMH ^BAHKOTCfl B3aHMHbIMH aAAH- 

thbhmmh noMexaMH. 

B npsjMOM KaHa^e chctcm CDMA nnn 
pa3Ae>ieHHa KaHajiOB noAb30BaTe.neH npnMeHH- 
K)t opToroHaAbHbie koam [2, Andrew J. Viterbi. 
CDMA. Principles of Spread Spectrum 
Communication. /ADDISON-WESLEY 
PUBLISHING COMPANY, April 1995.1, mto 
no3BOA5ieT yBeAHMHTb noMexoycTOHMHBocrb ne- 

peAaMH HH(£opMaiI,HH B yCJIOBHHX CTauHOHap- 

Horo KaHa;ia h b yc/iOBHHX KaHajia c iuiockhmh 

33MHpaHHSMH. Ho npH M3CTOTHO-CeJieKTHBHbIX 
33MHpaHHflX B03HHKaeT 3(J)Cj)eKT MHOrOnOAb30- 
B3Te.7IbCKOH nOMCXH, 3aKJIK)MaiOmHHCH B TOM, 

mto noMexoH npn AeMOAyAflunn KaxcAoro Jiy^a 
CHFHaAa noAb30BaTejiH 5iBA5ieTCH Becb rpynno- 
boh CHrnaji BC b ocraJibHbix pa3pemHMbix 
Ay^ax. 

yxa3aHHbie HeAocraTKH BpeMeHH oro h 
MacTOTHoro pa3HeceHHa AeAaioT aKTyaJiBHOH 
3aAa^y pa3pa6oTKH mctoa3 p33HeceHHH b 

npflMOM KaHaJie, Cp3BHHMOIX) nO 3(t><t>eKTHBHO- 

cth c npocTpaHCTBeHHo-pa3HeceHHbiM npneMOM 
b o6paraoM xaHajie. 

JXo nocAeAHero BpeMeHH H3 Bcex pa3HeceH- 

HblX 3HTCHH BC TOAbKO K3Ka«-TO OAH3 

HcnoAb30BaAacb Ha nepeAany. Me^cAy tcm, 

OHeBHAHO, MTO B HCn0Ab30B3HHH p33HeceHHbIX 

nepeAaiomnx 3htchh 3ajio»:eH 3HaMHTeAbHbiH 

nOTCHUH3JI yBeAHHeHHH nOMeXOyCTOHMHBOCTH 

nepeAann hhcJjopmsuhh. HanpHMep, ecjin 
KOMnAeKCHbie xo3(i)c})HUHeHTbi nepeAaMH enraa- 

A OB MOKAV 3HTCHH3MH BC H 3HTCHHOH MC 
H3BeCTHbl, TO 3Ta HH<J>OpMaU.H5* MO^d 6bITb 
HCnOJlb30B3Ha A A 51 OnTHM3AbHOH VCT3HOBKH 

aMnAHTyAbi h cf)a3bi nepeAaBaeMoro cnrnaAa b 
Ka^AOH aHTeHHe. ripn stom 3a cmct nepeAann 
cnrnaAa c pa3HeceHHbix aHTeHH 6vact o6ecne- 

MeH T3KOH ?Ke BHHrpbllH B nOMeXOVCTOHMHBOCTH 

npneMa b npsiMOM xaHaAe, k3koh o6ecneMHBa- 
iot 3th ace 3HTeHHw npn npocTp3HCTBeHHO-pa3- 
HeceHHOM npneMe b o6paTHOM KaHajie [3, 
Microwave Mobile Communications/Edited by 
William C. Jskes. IEEE Press. NY, 1994]. 

OAHaxo BBHAy OMeBHAHbix npo6AeM B 
noAyneHHH HHc|)opMau.HH o xaHajie cba3h 
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onHcaHHbiH a/iropHTM pa3HeceHHOH nepeaaMH 
Tpy^HO pea«nH30BaTb Ha npaxTHxe. B stoh 
CB5I3H 6ojibiuoH npaKTuqecKHH HHTepec npea- 
CTaBJiHCT co6om pa3pa6oTKa cnoco6a pa3HeceH- 
hoh nepeaaMH h ycrpoiiCTBa aas ero 
pea^H3auMM, He Tpe6yiomero aas cboch 
peanH3auMH HHcfiopMauHH o xaHaJie cbh3h. 

B HaCTOHIIiee BpeMfl H3BeCTHbl pa3.1HMHbie 

cnoco6bi h ycTpoHCTBa pa3HeceHHOH nepeaa^n 
CHraa-na. Pa3HeceHHafl nepe^a^a CHraajia ocy- 
inecTBjiaeTCfl c abvx hjih 6ojiee pa3HeceHHbix 
b npocrpaHCTBe aHTeHH, xax sto noxasaHO Ha 
4>Hr.l, npH 3tom npw peajiH3aiiHH sthx 
cnoco6oB He Tpe6yeTca HHC^opMaunn o xaHaJie 
cbs3h. K thkhm cnoco6aM pa3HeceHHOH 
nepeziaMH mo^cho othccth cnoco6bi: 

CTD (coded transmit diversity) - KOAOBaa 
pa3HeceHHa^ nepeaa^a, [4, European Patent 
Application number 0 605 119, Diversity for 
direct-sequence spread spectrum systems. 
Priority: 29.12.92. Int. CI. 5 H 04 B 7/06; 

DTD (delayed transmit diversity) 
3aaep>KaHHa5i pa3HeceHHas nepeaaMa [5, A. 
Witneben "Base Station Modulation Diversity 
for Digital SIMULCAST," Proceeding of the 
1991 IEEE Vehicular Technology Conference 
(VTC 41 st), pp. 848-853, May 1991], [6, A. 
Witneben "A New Bandwidth Efficient 
Transmit Antenna Modulation Diversity 
Scheme For Linear Digital Modulation," in 
Proceeding of the 1993 IEEE International 
Conference on Communications (IICC'93), pp. 
1630-1634, May 1993]; 

OTD (orthogonal transmit diversity) - 
opToroHajibHaa pa3HeceHHaa nepeaawa [7, 
npoeKT CTaHaapTa UMTS-2000 aji* cotobhx 
CHCTeM c KOflOBbiM pa3AejieHHeM KaHaaoB, 
pa3pa6oT3HHMH ETSI-SMG2. Submission of 
Proposed Radio Transmission Technologies, h 
ony6jiHKOBaHHbiH 29 HHBaps 1998, crp. 51-52, 
pa3aeji 5.6.3.1 Orthogonal Transmit Diversity]; 

PSTD (phase sweeping transmit diversity) 
- pa3HeceHHan nepeaa^a c BpamemieM n>a3bi 
[8, A. Hiroike, F. Adachi and N. Nakajima, 
"Combined effects of phase sweeping 
transmitter diversity and channel coding," 
IEEE Trans. Veh. Technol., vol. 41, pp. 
170-176, May 1992]; 

STTD (space-time transmit diversity) - 
npocrpaHCTBeHHO-BpeMeHHaa pa3HeceHHaa ne- 
peaa^a [9, WO 99/14871 ot 25.03.99 r. 
"Transmitter Diversity Technique For Wireless 
Communications", Int. CI. 6 H 04 B 7/06, 
7/08]. 

npH onHcaHHH cnoco6a pa3HeceHHOH nepe- 
jiaMH cwrHajia aanee 6yAeT Hcnojib30BaTbca 

nOHflTHe "CHMBOJl". ri05ICHHM CMbJCJI, BKJiaAbl - 
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BaeMHH B 3TO nOHHTHe. JlK>6oe HHCj)OpMaUHOH- 

Hoe coo6meHwe MO*;eT 6biTb 3anncaHO b bhac 
nocjieflOBaTe^bHOCTH chmbojiob, npnHaAJieaca- 
mwx k HexoTopoMV ajicJ)aBHTy. Has HaH6oAee 
Macro Hcno;ib3yeMoro 6HTOBoro npeACraBjieHHH 
HHc})opMauHH, HH4)opMauHOHHoe coo6meHHe 
npeAcraBAHeTCs b bhac nocjieAOBaTeAbHocTH 

ABOHHHblX CHMBOJIOB (6HTOB) , KaJKAblH H3 
KOTOpUX MO^CeT npHHHMaTb 3HaMeHHe 0 HAH 

1. uejien noBbiuieHna scjxteKTHBHocTH 

nepeaaMH aaHHWx b CHcreMax cbs3h ncnoAb- 
3yioTCsi h Apyrne aJicf>aBHTbi xpoMe HBOHHHoro. 
B 3tom cjiy^ae hcxoahhh noTOK 6htob 
pa36HBaioT Ha 6aokh no m 6ht. Flpw 3tom 

M=2 m B03MO)KHblX KOM6HHaUHH 3HaHCHHH 

6htob, o6pa3yioiirHX xaacAbiH 6jiok, ABJisnoTCfl 
CHMBOJiaMH hoboix) ajicfcaBHTa Q. 

IlepeAa^a HHp>opMauHH wepes xaHaji cbs3h 
ocymecTBjisieTCH nocpeACTBOM moav^suhh na- 
paMeTpOB nepeAaBaeMoro Hecymero KOJie6aHHa. 
B Han6oAee pacnpocTpaHeHHOM cjiy^ae aMiuiH- 
TyAHo-c|)a30BOH MOAyJiflUHH (MPSK, MQAM 
BHAM moavahuhh), xaacAOMy CHMBOJiy coo6me- 

HHS CTaBHTCil B COOTBCTCTBHe AeHCTBHTe^bHaH 

hjih KOMiuieKCHaH BejiHMHHa am^Acm+jAsm, 
m = 1,M, rfle Asm - npeACTaBJiaeT co6oh 
aMruiHTyAy cHHQ>a3HOH Hecymeft MacroTbi 
(coswot), a Asm - aMruiHTyAy KBaApaTypHOH 
Hecymen MacroTbi (sinc^ot) Ha HHTepBajie 
Texymero cHMBOJia. 3Ty BejiHMHHy HHorAa 

Ha3bIBaK)T CHMBOJIOM MOAyAflUHH. 3aHBJlfleM0e 

H3o6peTeHHe (onHcaHHe h qpopMyAa) onepnpyeT 

HMeHHO C CHMBOJ13MH M0AyA53UHH. IlOCKOJIbKy 
Ka^CAOMy CHMBOJiy OAH03HaMHO COOTBeTCTByeT 

chmboa MOAyJi^UHH, npH onHcaHHH H3o6peTe- 
hhh h b c})opMyjie H3o6peTeHH5i BTopoe CAOBO 
b TepMHHe "chmboji MOAVA5HJ.HH" onycxaeTCH H 
HcnoAb3yeTC5i 6ojiee kopotkhh TepMHH "chm- 
boa". 

Cnoco6 koaoboh pa3HeceHHOH nepeAa^H 
CTD [4] 3aKJiK)MaeTCsi b tom, mto nepeA 
nepeAaneH Ka^Aoro CHMBOJia coo6meHHa b 
Ka^KAOH aHTeHHe ero MOAyJiHpyKDT cboch 
opToroHajibHOH nocjieAOBaTeAbHOCTbK). B Ka^e- 

CTBe T3KHX nOCJI eAOBaTeJIbHOCTCH mo^ho, 

HanpHMep, ncnoAb30BaTb qbyHKUHH Yojima. 3a 

CMeT B3HHMHOH opTOrOHaJIbHOCTH KOI1HH CHM- 
BOJia, nepeAaHHwe pa3HbiMH aHTeHHaMM, MoryT 
6biTb pa3AejieHbi npneMHHKOM MC h 3aTeM 
onTHMajibHO npocyMMHpoBaHH , HanpHMep, b 
cooTBeTCTBHH c aAropHTMOM MRC (maximal 
ratio combining) [10, YnjibHM K. JIh. TexHHKa 
noABH»LHbix CHCTeM CBa3H. Flep. c aHrA. B.H. 
TaAbi3HHa / noA peA- M.M. IlbimKHHa. M.: 
PaAHO h Cb^3i», 1985]. 
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B oTcyTCTBMe HHcfropMauHH o KaHajie 
pacnpocTpaHeHHa cnoco6 CTD o6ecneMHBseT 
H3H6ojibnjyio noMexoycTOHMHBOCTb pa3HeceH- 
hoh nepeaaMH. Oah3ko CTD HMeeT 3H3MHTejib- 
huh h ezi ocTa tok , nocxojibxy opToroHajibHaa 
Moixyjisiixvisi CHMBOJia b nepe^aiomHx aHTeHHax 
npHBO^HT k pacuiHpeHMio cnexTpa nepeAaBae- 
mhx curHajioB b N pa3, rue N - mhcjio 
nepenaioinHX aHTeHH. 

Cnoco6 3aaep;*:aHHOH pa3HCccHHOH nepeaa- 
mh DTD [5, 6] 3aK;iK>MaeTCH b npeo6pa30BaHHH 

I1J10CXHX 33MMp3HHM B K3H3Jie CB513H B 
HaCTOTHO-Ce^eKTHBHbie H HCI10JIb30B3HHH npH 

npneMe nojiyMeHHoro msctothopo pa3Hecemi5i. 
Rjix 3Toro oahh m tot ace cHTHaji nepeaaiOT 

Hepe3 pa3Hbie 3HT6HHU , HO C OTHOCHTCJIbHblMH 

33Aepacx3MH. 3aAep>KK3 nepeA3MH CHrHajra 

MtTKJXy flByMH JIK>6bIMH 3HTCHH3MH BC AOJIXHS 
6blTb He MeHbUie BCJIHMHHbl, o6paTHOH K 

mHpHHC cneKTpa nepeaaBaeMoro chth3ji3. B 
CHcreMax CDMA 3Ta BejiHMHHa paBHa ajihtcjib- 
hocth MHna pacniHpHiomeH cneKTp nocjieAOBa- 
Te^bHOCTH. B pe3yjibTaTe CHraaji b TOMxe 
npHeMa hhmcm He oTJiHM3eTca ot o6hiMHoro 
MHorojiyMeBoro cnrHana, h no3TOMy ero 
o6pa6oTKa ocymecrBJiseTca CT3HA3pTHbiM mho- 
rojryMeBbiM (Rake) npneMHHxoM [1]. Aoctohh- 
ctbom DTD HBjiaeTCH to, mto ero peajiH3aimfl 
He Tpe6yeT BHeceHHfl H3MeHeHHH b cymecrBy- 
lomne craHjiapTbi cbh3h. IljiaTOH 3a peajra3y- 
eMoe b cnoco6e MacroTHoe pa3HeceHHe aBjinercn 
Me»CHMBOJibHan HHTepc})epeHUH5i b CHcreMax 
CBS3H, Hcnojib3yiomHx npocrbie CHrH3Jibi, h 
MHorono/ib30BaTejibCKaH noMexa b CHcreMax 
CDMA. IIoflCHHM nocjieAHee noApo6Hee. B 
npaMOM KaHame chctcm CDMA nasi pa3flejieHHH 
KaHanoB nojib30BaTejieH npHMeHflioT opToro- 
HajibHbie KOflbi, mto no3BOJiaeT yBejiHMHTb 
noMexoycTOHMHBOCTb nepeaami HH(}>opMaij.HH b 
ycnoBHHX CTauHOHapHoro KaHana h b ycJiOBHax 

KaHaJia CB513H C IIJIOCKHMH 33MHp3HH51MH. Ho 
npH MaCTOTHO-CejieKTHBHblX 33MHpaHH3X B03- 

HHKaeT 3(}xt>eKT MHoronojib30BaTe^bCKOH noMe- 
xh, ssxjiiomsioiiihmch b tom, mto noMexoH npH 
AeMOAyJisitfiH x3»cAoro JiyMa CHraa^a nojib30- 
BaTCifl HB.iaeTCfl Becb rpynnoBOH CHraaji BC 
b ocTa^bHbix pa3peuiHMbix jiyMax. 

Cnoco6 pa3HeceHHOH nepeAaMH c BpameHH- 
eM ct)a3bi PSTD [7] no3BOJiseT yBejiHMHTb 
noMexoycTOHMHBOCTb nepeziaMM xoahpobshhoh 

HH(J)OpMaUHH B KaHajie C 33MHp3HH5lMM 3a CMCT 

noBHmeHHH 3<t>4>exTHBHOCTH nepeMeacemis. 
Bcjie^CTBHe orpSHHMeHHa Ha 33Aepacxy nepe- 
A3mh zaHHbix HHTepBan nepeMeaceHHH, ksk 
npaBHJio, cocTaBJiseT OTHocHTejibHo He6ojibmyio 
BejiHMHHy (10-20 mc). lloaTOMy BpeMeHHoe 
nepeMeaceHHe scJjqbeKTHBHO TOJibxo npH Aocra- 



1 8 

TOM HO BblCOXOH M3CTOTe 3aMHp3HHH. IloCJieAHflfl 

nponopuHOHa^bHa ckopocth nepeMenieHHH 360- 
HeHTa h mscto sibjihctch hh3koh, HanpHMep, 

npH CBH3H C HenOflBH^CHblMH HvlH MeZUieHHO 

nepeMemaioiuHMHca a6oHeHTaMH. Mnex PSTD 

3aKJIK>MaeTCfl B nOBblllieHHH 3Cj}Ct)eKTHBHOCTH 

nepeMe^ceHHa 3a cmct HCKyccTBeHHoro yBeviH- 

MeHHH MaCTOTbl 33MHpaHHH. RjlSl 3TOrO O^HH H 

tot ace CHrnaji nepeaaeTC^ Mepe3 ^Be 
pa3HeceHHbie aHTeHHbi, ho b o^hoh h3 aHTeHH 
cHTHan aonojiHHTe/ibHO Mo^y^HpyeTCsi no He- 

KOTOpOMy 3aKOHV F(t). ripHCM OCVIUeCTB^5!eTC51 

o6biMHbiM o6pa30M, k3k h b cjiy^ae nepeaaMH 
cHraajia TO^bKO Mepe3 o^Hy aHTeHHy. 

HanHMHe AOnOJlHHTe^lbHOH MOflVJlSlXHH 

o6ycnaB^HBaeT HenpepbiBHoe M3MeHenHe b 
flwana30He [0,2tt] pa3HOCTH qba3 CHrHanoB, 
npHxoA^mHx ot pa3Hbix aHTeHH. BcneziCTBHe 
HHTep4>epeHUHH 3thx cHrnajiOB b TOMxe npHeMa 

C03AaeTC^ 3<£(j3eKT 3aMHpaHHH, MaCTOTa KOTO- 

poro onpeAe;iaeTCH (JjyHKUHeH F(t). B KaMecTBe 
nocjieflHen b [7] npeflJiaraeTca Hcno;ib30BaTb 

J 2TTf *t 
~, . > _ sweep 
(J)yHKUHK) BHAa V, t J — e , 4)H3H- 

MecKHii CMbicn KOTopoii 3aKJiioMaeTCfl b CABHre 
MacTOTbi Hecymero KOJie6aHH^ b oahoh H3 
aHTeHH Ha BejiHMHHy fsweep. HacTOTa HCKyccr- 
BeHHbix 3aMHpaHHH npH stom TaK^ce paBHa 

fsweep. 

PSTD, Tax ace Kax h DTD, He Tpe6yeT 

BHeCeHHH H3MCHCHHH B CymeCTByiOmHe CT3H- 

AapTbi 6ecnpoBOAHOH cbh3h. Ochobhmm hcao- 
CT3TKOM PSTD HBJiaeTca to, mto pa3HeceHHe 
b HeM peanH3yeTCfl Ha ypoBHe (JjpeHMa 

KOAHpOBaHHblX CHMBOJIOB, MTO MCHee 3(J)CjDeK- 

thbho, MeM pa3HeceHHe Ha ypoBHe KaacAoro 
CHMBOJia. HeAOcrraTKaMH Taxace ^b^aiotch 
yxyAineHHe ycnoBHH pa6oTbi cxeMH BOCCTaHOB- 
jieHMH Hecymeii, bcjicactbhc yBejiHMeHHs Mac- 
TOTW 3aMHpaHHH, h OTcy tctb h e b cnoco6e 
B03MoacHocTH Hcnovib30BaHH5i 6o^ee AByx 
nepeAajomHx aHTeHH. 

Cnoco6 opToroHajibHOH pa3HeceHHOH nepe- 
AaMH OTD [8] 3aKJiK)MaeTC5i b tom, mto 

BXOAHOH nOTOK KOAHpOB3HHbIX CHMBO^OB pa3~ 

6nBaK)T Ha N noAnoTOKOB, KOTopwe nepeAaiOT 
Mepe3 pa3Hbie aHTeHHbi. Rnn MOAyji^uHH 
chmbojiob b aHTeHHax HCnOJlb3yK)T pa3Hbie 
opToroHajibHbie koau, HanpHMep koah Yo^uia. 
3a cMeT 3Toro nepeAaHHbie pa3HbiMH aHTeHHaMH 
BC CHMBo^bi pa3Ae^HK»Tca npw npweMe Ha MC. 

IloCKOJIbKy AvTHTeJlbHOCTb CHMBOJia B Ka»CAOM 

noAnoTOxe b N pa3 6ojibme AJiHTejibHOCTH 
CHMBOJia hcxoahoto noTOxa, AonojiHHTejibHa5i 

MOAyJ151IXHfl OpTOrOHaJIbHblMH KOA3MH He npH- 
BOAHT K p3CIHHpeHHK) CneKTpOB H3AyM3eMHX 
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chthsaob oTHOCHTe/ibHO o6hmhoh nepeAaMH 
cHrHa.ia Mepe3 oAHy nepezzaiomyio aHTeHHy. 

JXnsi ocymecTBJieHH^ KorepeHTHoro npneMa 
Mepe3 xa>KAVK) aHTeHHy Ao.nxeH nepeAaB3TbCH 
yHHK&nbHbiii opToroHaabHbiH nmiOT-cnrHaJi, no 
KOTopoMV ocymecTBjifleTCfl oueHxa xoMruiexc- , 
hoh ornGaiomeH cHi"Ha.na cootb eTCTBy Komen 
nepeaaiomeH aHTCHHbi EC b npneMHnxe MC. 

nocKo-nbKy xaxAHH chmboa nepeAaeTca 
TOJibKO Mepe3 oahv aHTeHHy, OTD He 
o6ecneHHBaeT p33HeceHHH Ha cHMBOJibHOM 
ypoBHe. BMecTO 3Toro OTD o6ecneMHB3eT 
npweM xoaHpoBaHHbix chmbo;iob naxeTa c 

He3aBHCHMblMH 33MHp3HHfIMH, T.C BbinOJIHfleT 

({jyHKUHio nepeMe^cHTe^H, ho He bo BpeMeHHOM, 

a B npOCTpaHCTBCHHOM H3MepeHHH. 3(Jx£ieXTHB- 

HOCTb 3Toro npocTpaHCTBeHHoro nepeMe^ceHMH 

He 33BHCHT OT M3CTOTM 33MHp2HHH H HBA5ieTCiI 

TeM Bbime, mcm 6o;ibiiie mhcjio HcnoAb3yeMbix 
nepeaaiomHx aHTeHH. 

Cnoco6 opToroHajibHOH pa3HeceHHOH nepe- 
AaMH-npneMa cnrHajia b cotoboh chctcmc 
paflHOCB«3H c xoaobmm pa3Ae.neHHeM KaHaJIOB 
[11, naTeHT PO N92145152, MFIK 6 H 04 B 
7/216] 3aK^K)MaeTCH b tom, mto Ha nepeAaio- 
men cropoHe: 

Ka^moMy HH(})opMauHOHHOMy noToxy ABO- 
HMHMX CHMBOJIOB Xa^KAOrO no;ib30BaTe;ia Ha- 
3H3HaioT pacmHpsiiomHH OpTOrOHajlbHblH KOA, 

(J)opMHpyiOT N npocTpaHCTBeHH0-pa3HeceH- 
hbix KaHajiOB nepeAaMH, 

4)opMHpyioT nHjioT-cHTHaji jxjw Ka^cfloro 
npocrpaHCTBeHHO-pa3HeceHHoro xaHajia nepeAa- 
MH, npHMeM Bee nHAOT-CHraajiM h pacmnpino- 
mne xoflbi no^b30BaTe^eH hbahiotc^ 

B3aHMHOOpTOrOHaJIbHbIMH, 

Xa>KAbIH HH(J)OpMaUHOHHbIH nOTOK ABOHM- 

hhx chmbo^ob p336HBaK>T Ha nocneAOBaTeAb- 
Hbie HH(})opMauHOHHhie naxeTbi no N 
nocjieAOBaTejibHO pacnojio^xeHHHx abohmhmx 

CHMBOJIOB B X32KAOM, 

ocymecTB^aiOT nocAeAOBSTcnbHO-nspaji- 
jiejibHoe npeo6pa30BaHHe abohmhmx chmbojiob 

B X32KAOM nOOieAOBaTe^bHOM HH(J)OpM3UHOHHOM 

naxeTe, o6pa3y^ hhc^opmsuhohhmh n3p3juiejib- 
hmh naxeT H3 N abohmhmx chmbo,*iob, 

noBTopsiOT HHcfjopMauHOHHbiH nap3AAejib- 
hmh naxeT N pa3, o6pa3ya t3khm o6pa30M 
HH(J)opM3UHOHHbiH noaneaoB3Te.ribHO-n3pa.n- 
AejibHMH naxeT, xotopmh coaep>KHT N napaji- 
AcnbHbix h N nocjieAOBaTe^bHbix rpynn 

ABOHMHMX CHMBOJIOB H3 HHTepB3Jie AJIHTCJlbHO- 

cth nooneAOBaTejibHoro HH<J>opM3UHOHHoro na- 
xeTa, zjix xaacaon nocjieAOB3TeJibHOH rpynnbi 
HH(})opM3UHOHHoro nocneAOB3TejibHO-napaji- 
jiejibHoro nsxeTa abohmhmx chmbojiob, 



Cj)OpMHpyiOT OpTOrOH3JlbHWH XOA H3 N 
ABOHMHMX CHMBOJIOB, 06pa3yfl T3XHM o6pa30M 

nocAeAOBaTejibHO-napa^vieAbHHH naxeT abohm- 

HblX CHMBOJIOB OpTOrOHaJIbHMX XOAOB, XOTOpMH 

coAep^cHT N napajuiejibHbix h N nocneAOBa- 
TeAbHbix rpynn abohmhmx chmbo^ob oproro- 
HaJIbHMX xoaob, 

ocyiuecTBvi^KDT nepecraHOBxy abohmhmx 
chmbojiob b napajLnejibHbix rpynnax HH(})opMa- 
UHOHHoro nocjieAOBaTe^bHO-nspsjuieAbHoro na- 
xeTa TaxHM o6pa30M, mto6m abohmhmc 
chmbojim X35KAOH nocieAOBaTe^bHOH rpynnw He 

nOBTOpHjlHCb, 

ocymecTBJiHiOT nepecT3H0Bxy abohmhmx 

CHMBO^OB B nOCJieA0B3TCAbHO-napaA^ejlbHOM 

naxeTe abohmhmx chmbojiob opToroHa^bHbix 

XOAOB, TaxyK) »e Xax H B HH(J)OpMaUHOHHOM 

nocAeAOBaTejibHO-napaAJieAbHOM naxeTe abohm- 
hmx CHMBO,10B, 

cyMMHpyiOT no MOAy^iio ABa xa^xAMH 

ABOHMHMH CHMBOJ1 HHC^OpMSUHOHHOrO nOCJieAO- 

BaTe^bHO-napajuieAbHoro naxeT3 abohmhmx 
chmbo^ob c cooTBeTCTByiomHM eMy abohmhmm 
chmbojiom nocneAOBSTeAbHO-nspanjieAbHoro na- 

XeTa ABOHMHMX CHMBOAOB OpTOrOHaAbHMX 

xoaob, o6pa3y« t3khm o6pa30M nocneAOBaTejib- 

H0-n3p3JIA CJIBHHU naxeT ABOHMHMX XOAHpOBaH- 
HMX CHMBOAOB, 

ocymecTBAAKDT pacmnpeHHe abohmhmx ko- 
Ahpob3hhmx chmbojiob nooieAOBaTeAbHO-na- 
pajmejibHoro naxeTa nyTeM cyMMHpoBaHHH no 

MOAy-HK) ABa xa^CAOrO ABOHMHOrO XOAHpOBaHHO- 
rO CHMB0A3 C OpTOTOHajIbHMM KOAOM, Ha3Ha- 
MeHHMM HHCj>OpMaUHOHHOMy noToxy 

nojib30BaTeA5i, o6pa3ya tsxhm o6pa30M HH4)op- 
msuhohhmh nocjieAOBaTejibHO-napanjiejibHMH 
naxeT pacmHpeHHMx abohmhmx chmboaob, 

nHJioT-CHTHaji jxjisi xa^cAoro npocrpaHCTBeH- 
Ho-p33HeceHHoro xsHajia nepeAaMH <J)opMHpyK)T 

C nepHOAOM nOBTOpeHHfl, XpSTHMM AAHTeJIbHO- 
CTH n3XeT3 ABOHMHMX CHMBOAOB, 

H33H3MaK5T X3^KA0H nOCmeAOB3TeJIbHOH 

rpynne psciiiHpeHHMx abohmhmx chmboaob 
HH4)opM3UHOHHoro nocjieAOBaTejibHo-napaji- 
AeAbHoro naxeTa cboh npocTpaHCTBeHHO-p33He- 

CeHHMH XSHa^l, 

MOAyjinpyioT h nepeAaiOT Mepe3 N npo- 
CTp3HCTBeHHO-pa3HeceHHbix xaHajiOB nepeAaMH 

OAHOBpeMeHHO BO BpeMCHH nOCACAOBaTe^bHbie 

rpynnM pacmHpeHHMx abohmhmx chmbojiob 
x3»moro HH(f>opM3UHOHHoro n0T0X3 xa^cAoro 
no^b30BaTe^H h cootb eTCTByK) nine nHjiOT-cnr- 

H3JIM. 

YcTpoHCTBO ujisi peajiH3auHH cnoco6a opto- 
roHaAbHOH pa3HeceHHOH nepeAaMH-npneMa cht- 

HaJia B COTOBOH CHCTeMe paAHOCBH3H C XOAOBWM 

p33AeAeHneM xaH3JiOB no naTeHTy N?2145152 



11 220891 
[11] coaep^KH-r, HanpHMep, nasi M noAb30Ba- 
Te^eH M aHajiornHHO c4)opMHpoBaHHbix BeTBen 
nepeaaMH cHrHa/ia. Kashas BeTBb nepeAaMH 
cnrHaia coAepatHT cjieayioniHe 6aoxh. 

OopMHpoBaTejib nocneaoBaTe^bHO-napaji- 
jie^ibHoro naxeTa abohhhux chmboaob, b 

KOTOpOM MHCj)OpMaU.HOHHbIH nOTOK ABOHMHblX ' 

chmboaob pa36nBaioT Ha noaieaoBaTenbHbie 
HH^opMauMOHHue naKeTbi, ocy mecrBA si kdt no- 
CAeAOB3TeAbHO-n3p3A/ieAbHoe npeo6pa30BaHHe 
abohhhhx chmboaob, o6pa3y5i napajuiejibHWH 
naxeT H3 N abohmhmx chmboaob, noBTopaiOT 
HH(J)opMauHOHHbiM napaAjieAbHbin naxeT N pa3, 
o6p33ys HH(t>opMaij,HOHHbiH nocAeAOB3TeAbHo- 
napa^ie^bHMH naxeT H3 N ABOHMHbix chmbo- 
aob. 

EAOX nepeCTaHOBKH ABOHMHblX CHMBO^OB, 

xotophh ocymecTB^neT nepecTaHOBKy abohm- 
hhx chmboaob b napajme^bHHx rpynnax 
HH(J)opMauHOHHoro nocneaoBaTejibHo-napaji- 
jie^bHoro naxeTa. 

Eaox (J)opMHpoB3HH5i nocAeAOB3TeAbHO-na- 
paAAeAbHoro naxeTa abohmhux chmboaob 

OpTOrOHaJIbHblX XOflOB. 

Baox nepecraHOBXH ABOHMHbix chmbojiob 
opToroHa^bHbix xoaob, xotophh ocymecrBAseT 
nepecraHOBxy abohwhwx chmbojiob opToroHajib- 
hhx xoaob, Taxyro ace xax h b HHcfcopMauH- 
ohhom nocJie^oBaTeiibHO-napajuiejibHOM naxeTe 

flBOHMHHX CHMBOAOB. 

IlepBbiH 6aox cyMMHpOBaHHH no Moayjno 
ABa, b xotopom cyMMHpyioT no Moayjno Asa 

Xa^JIblH flBOHMHHH CHMBOA HHCfropMaUHOHHOrO 

nooieflOBaTejibHO-napajuiejibHoro naxeTa abo- 

HMHHX CHMBOAOB C COOTB eTCTBy lOIUHM eMy 

abohmhhm chmboaom nocAeAOBaTeAbHO-napaji- 
jiejibHoro naxeTa abohhhhx chmboaob opToro- 
HajibHbix xoaob, o6pa3yH T3XHM o6pa30M 
noc;ieflOBaTejibHO-napajuie;ibHbiH naxeT abohh- 

HblX XOAHpOBaHHblX CHMBOAOB. 

TeHepaTOp pacmnpsiKDmero opToroHajibHoro 
xoAa, xotophh 4>opMHpyeT pacmnpaKHUHH 
opToroHa^bHbin xoa HHcfropMauHOHHoro noToxa 
no^b30BaTenn. 

Btopoh 6aox cyMMnpoBaHHa no MOAyAio 
ab3, b xotopom ocymecTBAaiOT paciiinpeHne 

ABOHHHHX XOAHpOB3HHHX CHMBOJIOB nOCACAOBa- 

Te^bHO-napa^-ie^bHoro naxeTa nyTeM cyMMH- 
poBaHHH no MOAyvno ABa xa^caoro abohhhoto 

XOAHpOBaHHOrd CHMBOAa C OpTOrOHaJlbHblM 
XOAOM, H33H3HeHHHM HH(}X)pMaUHOHHOMy nO- 

toxv no,ib30BaTe;ifl, o6pa3ya t3xhm o6pa30M 
HHcjjopMaiiHOHHbiH nocAeAOBaTeAbHO-nspaA- 
^e^bHbiH naxeT pacniHpeHHbix abohhhhx CHM- 
BOAOB. 

BaOX (J)OpMHpOBaHH5I nHrtOT-CHTHaJlOB, N 
MOAVAHTOpOB H N aHTeHH. 



1 12 

BaOX 4)OpMHpOBaHH3 nHJIOT-CHTHanOB cJ)op- 

MHpyeT nHAOT-cnrHSA nnsi xa>KAoro npocrpaH- 
crBeHHO-pa3HeceHHoro xaHajia nepeAanH c 

nepHOAOM nOBTOpeHHH, XpaTHbIM AAHTeAbHOCTH 

naxeTa abohhhhx chmboaob, npnneM Bee 
nn^oT-CHrHavibi h pacuinpaKOTHe xoah noAb30- 
BaTeiieii sibjisiiotcsi b33hmho opToroHa/ibHHMH . 

MOAy^lHTOpbl, B XOTOpblX MOAyjiHpyioT 
nocneAOBaTejibHbie rpynnu pacmHpeHHHx ABO- 
HHHHX CHMBOAOB Xa^KAOTO HH(jX)pMaUHOHHOrO 

noToxa xaatAoro noAb30B3TeAs h cooTBeTCTBy- 

K>mHe nHJlOT-CHTHailbl. 

AHTeHHbi jxnsi nepeaaMH nocneAoaaTeAbHHX 
rpynn pacuiHpeHHbix abohmhmx chmboaob 
xaacAoro HH(}3opMauHOHHoro noToxa xaacAoro 
noAb30BaTe^5i h cooTBeTCTByxDmwx nHAOT-cnr- 

HajIOB. 

TaxHM o6pa30M, b cnoco6e-aHa^ore h 
ycrpoHCTBe nasi ero peaAH3au.HH xaambiii 
ABOHMHbiH chmboa nepeAaBaeMoro noToxa 
nepeAaeTca Mepe3 N pa3HeceHHHx aHTeHH, npn 
3tom 3a c^eT cneuHajibHUx npeo6pa30BaHHii, 
xoTopbiM noABepraroTCfl ABOHMHbie chmboah, 
o6ecne^HBaeTCfl opToroHajibHOCTb nepeAaHHbix 
Abohmhhx chmboaob b TOMxe npneMa. OnncaH- 
Hoe TexHHMecxoe pemeHHe no3BOJiaeT ncnoAb- 
30BaTb npoH3BOJibHoe mhcjio nepeAaromwx 
aHTeHH. 3a cneT toto, mto xa^cAbiH abohmhwh 
chmboa nepeAaBaeMoro noToxa chmboaob nepe- 
AaeTCH Mepe3 Bee nepeAaion^ne aHTeHHW h 
o6ecneHHBaeTC3i opToroHajibHOCTb nepeAaHHbix 

ABOHMHblX CHMBOAOB B TOMXe npHCMa, 3T0T 

cnoco6 no3BOAHeT noAyMHTb HaH6oAbmyio 
noMexoycroHMHBOCTb pa3HeceHHoii nepeAa^H. 

OAHaxo opToroHaAbHOCTb nepeAaHHbix chm- 
boaob b TOMxe npneMa b onncaHHOM cnoco6e- 
aHajiore [11] o6ecneHHBaeTca TOAbxo TorAa, 

XOTAa ABOHMHbie CHMBOAbI HBA5HOTC5I AeHCTBH- 
TeAbHblMH MHCA3MH. B CAyMae XOMFlAeXCHHX 

chmboaob opToroHaAbHOCTb He o6ecneMHBaeTC5i, 
h noaTOMv npn npneMe ABOHMHbie chmboaw 
nepeAaHHoro naxeTa MoryT C03AaBaTb B3anM- 
Hbie noMexn. HapymeHHe opToroHaAbHOCTH 
Tax^ce MO>xeT nponcxoAHTb, xorAa mhcao 
nepeAaiomnx aHTeHH He paBHo CTeneHH mhca3 
ABa, nocxoAbxy b stom CAyMae b paMxax 
AaHHoro cnoco6a HeAb3H o6ecnewHTb opToro- 
HaAbHOCTb cTpox nocACAOBaTejibHo-napaAAeAb- 
Horo naxeTa xoAMpOB3HHbix chmboaob. B 
nepenHCAeHHbix cjiyM35ix noMexoycTOHMHBocrb 
pa3HeceHHOH nepeA3MH 6yAeT cHH?xaTbC5i. 

Han6oAee 6ah3xhm TexHHMecxnM pemeHH- 

eM X 33HBA5ieM0My H306peTeHHK) HBAHeTCfl 

cnoco6 npocTpaHCTBeHHO-BpeMeHHOH p33HeceH- 
hom nepeAaMH STTD [9, WO 99/14871 ot 
25.03.99 r. "Trsnsmitter Diversity Technique 
For Wireless Communicstions", Int. CI. 6 H 04 
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B 7/06, 7/08], 3aK^K)MaiomHHC5! b tom, mto 
bxoahoh noTOK chmbojiob pa36HBaioT Ha naxera 
no M chmbojiob, KaatflbiH naKeT chmbojiob 
KOAMpy 6TC5! , b pe3yjibTaTe Mero cfcopMnpyeTca 
M*L KaHa,ibHbix chmbojiob, 4>opMHpyiOT N 
nepeziaiomHX 3htchh , nepe^ajor KaHa.ibHue 
chmbojih Mepe3 N nepeaaiomHx aHTeHH b 
TeMeHHe K cHMBOJibHbix HHTepBa/ioB , pacnpe- 
nejiasi xaHajibHbie chmbojih no N nepeaaiomHM 
aHTeHHaM b Te^eHHe K CHMBOJibHbix HHTepBa- 

JIOB T3KHM 06pa30M, MTO JIh6o N p3BHO M 

(N=M), jih6o K paBHO L(K=L); jih6o N paBHo 
L (N=L), jih6o K paBHO M (K=M), npH stom 
Mepe3 xaacAyio nepeaaiomyio aHTeHHy nepejia- 

eTCfl KaHaJlbHblH CHMB0J1, COOTBeTCTByK)IHMH 

xaatAOMy CHMBOJiy bo bxoahom noToxe. 
npHBO^HTC^ BapnaHT peajiH3au.HH AaHHoro 
cnoco6a ajih npeAnowTHTejibHoro cjiynaa N 
paBHO 2 (N=2) nepeaaioiUHX aHTeHH. 

OnwcaHwe H3o6peTeHHH nojiHOCTbio nocBsi- 
meHO npeanoMTHTe^bHOMy cjiyMaio N=2. B 
MaCTHOCTH, paccMarpHBaiOTCfl pa3^HHHbie BapH- 
aHTbi o6pa6oTKH nepeaaHHoro cHraajia Ha 

npHCMHOH CTOpOHC 

B onncaHHOM H3o6peTeHHH npHBeAeHO 
ycrpoHCTBO una peajiH3an,HH cnoco6a-npoTOTH- 
na (noKa3aHO Ha (J>Hr.l h 2 onncaHHs k 
naTeHTy). Yctpohctbo, KOTopoe peauiH3yeT 
npefl^araeMyio nocjieAOBaTejibHocrb onepaunii 
Ha nepeaaiomeH cropoHe, npeAcraBJieHO b 
owenb o6o6meHHOM bhac, t.c coAepacHT xoaep 
h N nepeaaiomux aHTeHH. AjiropHTM pa6oTbi 
3Toro ycTpoHCTBa onHcaH Taxace b o6o6meHHOM 
BH^e nyTeM nepeMHCJieHHH achctbhh, xotopm- 
mh flocTHraeTCH peraeHHe nocraBJieHHOH 3aAa- 

HU. IlOSTOMy H3 OnHCaHHfl H cf>OpMyjIbI 

H3o6peTeHHa HeacHO, KaK peajiH3yeTca 3to 
H3o6peTeHHe. 

OCHOBHHM HeflOCTaTKOM 3TOrO H306peTeHHH 
HBJ15ICTC51 TO, MTO OHO HMCCT HH3KyK) 

3(J)4)eKTHBHOCTb fljifl cjiywafl N 6ojibrue 2 (N>2) 
KaHajiOB pa3HeceHH5i (HanpHMep, pa3HeceHHbix 
nepeaaioiuHx aHTeHH). B cjx>pMyjie H3o6peTeHH5i 

rOBOpHTCfl O H6K0M aJiropHTMe XOAHpOBaHHfl 

naiceTa H3 M chmbojiob h yxa3biBaeTC5i, mto 
nojiy^eHHbie b pe3yjibTaTe 3Toro ajiropHTM a 
KoaHpoBaHHH xaHa^bHbie chmbo^h pacnpeaejia- 
k)tc£ mokav N nepeaaiomHMH aHTeHHaMH b 

TeMeHHe K CHMBOJibHbix HHTepBaJIOB (pa3JIHM- 

hmx nacTOT). OaHaxo hh b <J>opMyjie, hh b 
onHcaHHM He pacxpbiBaeTca hh caM ajiropHTM 

XOAHpOBaHHfl, HH XOTH 6bl npHHUHnbl, xoTopwe 

jie^aT b ero ochobc He tobophtch, xax 

CB5133HbI Me>KAy C060H WHCJIO CHMBOJIOB B 

naxeTe h napaMeTp L. AHaJiH3 H3o6peTeHHH 
ajih N>2 nepeAaiomnx aHTeHH noKa3biBaeT, mto 
c noMombio yxa3aHHbix b H3o6peTeHHH onepa- 
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uhh h cooTHOiueHHH Me»<Ay napaMeTpaMH M, 

L, N H K HCB03M02CHO yCTpaHHTb B3aHMHhie 

noMexH chmbojiob nepeziaHHoro naKeTa npH 
npneMe. HajiH^ne ace yxa3aHHbix B3aHMHbix 
noMex 6yjxer npHBOAHTb k 3Ha^HTejibHOMy 

CHH^eHHK) nOMeXOyCTOHHHBOCTH. 

3aaaMeH 3aflB/i5ieMoro H3o6peTeHHH zBnxer- 
C5i noBHmeHHe noMexoycTOHMHBOc™ chctcm 
paflHOCB5i3H 3a c^eT pa3HeceHHOH nepe^aMH 

CHTHaJlOB B KaHajie C 3aMHpaHHflMH. 

nocraB/ieHHaa 3ana^a peiuaeTCH cjicayio- 
iahm o6pa30M. 

B cnoco6 pa3HeceHHOH nepe^aMH cnrHajia, 

3aK7IK)MaiOmHHCSI B TOM, HTO Cj)0pMHpyiOT N 

pa3HeceHHbix xaHa/ioB nepe^aMH cnrHajia, H3 
BxoAHoro noTOxa chmbojiob c^opMHpyiOT naxeTbi 
no N chmbojiob, corjiacHO H3o6peTeHHio bboa^t 
HOByio nocJieziOBaTejibHOCTb achctbhh: 

4)opMHpyioT naxeTbi no M 6ojibme N 
chmbojiob, ecjiH N He paBHO CTeneHH MHCJia 
Asa, 

H3 chmbojiob xaacAoro naxeTa 4>opMHpyiOT 
N opToroHajibHbix nocjieAOBaTejibHOCTeH chm- 
bojiob TaxHM o6pa30M, MTo6bi xa^cAan H3 hhx 
coAepacaJia Bee chmbojim naxeTa, npn^eM 
npaBHJio <})opMHpoBaHHH opToroHajibHbix nocjie- 
AOBaTejibHOCTeH CHMBOJIOB AOJI^CHO 6bITb H3Be- 
ctho Ha npneMHOH cropoHe, 

Ha3HaMaioT xaHaji pa3HeceHHA xaacAOH 
c4)opMHpoBaHHOH opToroHajibHOH nocjieAOBa- 
TejibHOCTH chmbojiob xa^Aoro naxeTa h 
ocymecrBJiHKDT nocjieAOBaTejibHyio nepeAa^y 
naxeTOB. 

BXOAHOH nOTOX CHMBOJIOB coAep»:HT hhcJjop- 
MaUHOHHbie H nHJIOT-CHMBOJIbl. 

OopMHpoBaTb naxeTbi no M chmbojiob 

MOJKHO pa3JIHMHbIMH CnOCo6aMH, HOSTOMy B 

3aBHCHMbix nyHXTax cfcopMyjibi H3o6peTeHHH 
npHBeAeHbi npHMepbi xax sto moxcho Bbinoji- 
HHTb Ha npaxTHxe. 

naxeTbi no M chmbojiob 4>opMHpyK)T H3 
bxoahoto noTOxa chmbojiob t3xhm o6pa30M, 

MT06bI xa^KAHH naxeT COCT05IJI TOJIbXO H3 
HHC^OpMaUHOHHblX CHMBOJIOB HJIH TOJIbXO H3 
nHJIOT-CHMBOJIOB. 

OopMHpya naxeTbi no M chmbojiob, M 
Bbi6HpaK)T 6ojibiue hjih paBHbiM N, ecjiH mhcjio 
xaHanoB pa3HeceHHH paBHO areneHH MHCJia ABa, 
b npoTHBonojio^cHOM cjiynae 3a M Bbi6HpaiOT 
6jiH^caHiuee npeB0CxoA5imee N mhcjio, xoTopoe 
paBHo CTeneHH MHCJia ABa. 

<DopMHpy5i N opToroHajibHbix nocjieziOBa- 
TejibHocTen chmbojiob, ocymecTBJiHiOT N pa3- 

HblX AHaAH^eCXHX CABHTOB HCXOAHOH 

nocjieAOBaTejibHocTH chmbojiob naxeTa, o6pa3ya 
N nocjieAOBaTejibHOCTeH chmbojiob. 
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ECJIH CHMBO-rtbl IiaKeTa flBJ15HOTCfl ACHCTBH- 
TCJlbHblMH MHCJ13MH, TO, cf)OpMHpyfl N OpTOIX)- 

HajibHUx nocjieaoBaTejibHocrreM, ocymecTBJiaiOT 
yMHO^ccHHe chmbo/iob b o6pa30BaHHbix nocne- 

AOB3Te,lbHOCT*X Ha KOSCflcfcHUHeHTbl, paBHbie +A 

yijiu -A, rae A - cnvumHoe ot uyjisi 
aeHCTBHrejibHoe mhcho, t3khm o6pa30M, mto6h 
o6ecnewHTb opToroHajibHOCTb Bcex af>opMHpo- 
b3hhhx nooieaoBaTe-nbHOCTeH HC3aBHCHMO ot 

3H3MCHHH CHM BO-HOB IiaKeTa. 

EcflH chmbojih naxeTa xbjisi}otcsi xoMnjiex- 

CHblMM MHCISMH H N=2, TO, $OpMHpys 

opToroHa-ribHbie nocjieAOBaTe;ibHocTH, ocyuiecr- 

B,15!K)T VMHOJKeHMe CHMBOvlOB B nO^VMeHHMX 

nocjieaoBaTejibHocrflx Ha xoscJxfmuHeHTbi, paB- 
Hbie +A mjih -A, r^e A - oT,iHMHoe ot Hyjin 

AeHCTBMTeilbHOe MHOIO, H H3MeHflK)T 3HaMeHH5I 

MaCTH CHMBO,*IOB Ha xoMnjiexcHO-conpaaceHHbie 
hm 3H3MeHH5i T3KHM o6pa3QM, MTo6bi o6ecne- 

HHTb OpTOrOHaJIbHOCTb BCeX CCj>OpMHpOBaHHbIX 

noc^eAOBaTejibHOCTeM He3aBHCHMO ot 3HaMeHHH 
chmbo^ob naxeTa. 

ECJ1H CHMBOJIbI naKeTa ABJlfllOTCH KOMFLneK- 
CHblMH MHCJiaMH H N>2, TO, 4>OpMHpyfl N 

opToroHa^bHbix nocrceAOBaTejibHocreH chmbo- 
;iob, ocymecTBJi5iK>T noBTopeHwe xaacAOH o6pa- 

30B3HHOH nOCJieflOBaTejIbHOCTH CHMBOJIOB, 

o6p33ya N nocneAOBaTejibHocren ajihhoh 2M 

CHMBOJIOB, VMHO^CaKDT CHMBO^Ibl B 06pa30BaH- 
HHX nOCJieAOBaTe^bHOCTHX Ha K03<J>4>HUHeHTbl, 

paBHbie +A mm -A, rAe A - otjihwhoc ot nyjia 

fleilCTBHTevlbHOe HHCJIO, H H3MeH5iK)T 3HaMeHH5! 

H3CTH chmbojiob Ha xoMiuiexcHO-conpflxeHHbie 
hm BejiHMHHbi T3KHM o6pa30M, mto6m o6ecne- 

MHTb OpTOrOHa^bHOCTb BCeX C(j50pMHpOBaHHHX 

nocjieflOBaTejibHOcrreH He3aBHCMMO ot 3H3mchhh 
chmbojiob naxeTa. 

B ycrpoHCTBO pa3HeceHHOM nepeAann cnr- 
Ha^a, coAepaomee (J)opMHpoBaTe;ib naxeTOB 

CHMBOJIOB, 6jlOX c£opMHpOB3HH5! nHvlOT-CHrH3- 

jiob, N Moay/iHTopoB h N nepeAaiomHx aHTeHH, 

npH 3TOM nepBblH BXOA (J)OpMHpOBaTejl5I 

naxeTOB cmmbo^ob ABnaeTCfl nepBbiM bxoaom 
ycTpowcTBa, nepBbin bxoa x3>KAoro MOAy;isTopa 

COeOTHeH C COOTBeTCTByiOlUHM eMV BblXOAOM 
6jIOXa C})0PMHP0B3HHH nHJ10T-CHrH3^0B, BblXOA 

xa;*moro MOAyjiflTopa coeAHHeH c cooTBeTCTBy- 
K)mefi eMy aHTeHHOH, coiviacHO H3o6peTeHHio 
Aono^HHTe.ibHO BBe^eHbi 6;iok pacneTa zi^MHbi 
naxeTa chmbo,iob h 6jiox cfjopMiipoBSHHa 
0pT0r0H3^bHbIX noc;ieAOBaTe;ibHOCTeH CHMBO- 
;iob, npn 3tom nepBbie bxoam 6;ioxa pac^eTa 
aahhh naxeTa chmbojiob h 6-aoxa cfcopMHpoBa- 
hhh opToroHavibHbix noc^eAOBaTe^bHocTeH chm- 
bo^ob o6"beziHHeHbi, o6pa3ya BTOpOH BXOA 
ycTpoHCTBa, bmxozi 6jioxa pac^eTa ^hhu 
naxeTa chmbo^ob coeAHHeH co btophmh 



BXOA3MH (J)opMHpoBaTeji5i naxeTOB chmbo^ob h 
6vioxa (JjopMHpoBaHHfl opToroHajibHbix noc^eAo- 
BaTe^bHocTeH chmbo^ob, TpeTHH bxoa xoToporo 
coeAHHeH c bhxoaom (f>opMHpoBaTeji5i naxeTOB 
chmbo^ob, MeTBepTbifi bxoa 6^oxa cJjopMHpoBa- 
hhh opToroHa^bHbix nocjieAOBaTejibHOCTeH chm- 

BO^OB flBJlfleTCH TpeTbMM BXOAOM yCTpOHCTBS, 
BTOpOH BXOA X32KAOTO MOAy^^TOpa COeAHHCH C 

cooTBeTCTByiomHM eMy bhxoaom 6vioxa cJjopmh- 
Pob3hhh opToroHa^bHbix noc^eAOBaTe^bHOCTeH 

CHMBO^OB. 

EaOX Cf)OpMHpOB3HHfl OpTOrOH3^1bHbIX nO~ 

c^eAOBaTe^bHOCTew chmbojiob npHBeAeH xax 
npHMep pe3viH33u,HH jxna 3aflB^^eMoro yorpoH- 

CTB3. E^OK (})OpMHpOBaHHH opTOTOHa/IbHblX 

nocneAOBaTcnbHOcreH chmboaob C0Aep»:HT cJ)op- 

MHpOBaTeJlb N AHaAHMeCXMX CABHFOB, N 

napa^jie^bHbix BeTBeii c|)opMHpoBaHH5i opToro- 
Ha^bHbix nocjieAOBaTejibHOCTefl chmbojiob, 33- 
noMHHaK>mee ycTpoHCTBO, y3eji npoBepxH h 
^orawecKHH 3/ieMeHT M, npH 3tom nepBbin bxoa 
3anoMHHaiomero ycTpoHCTBa h bxoa y3^a 
npoBepxH o6i>eAHHeHbi, o6pa3y^ nepBbiw bxoa 
6^oxa 4>opMHpoB3HHH opToroHajibHbix nocneAQ- 

BaTeJIbHOCTeH CHMBOJIOB, BTOpOH BXOA 3anOMH- 

HaK>mero ycrpoHCTBa aBjineTCsi btopmm bxoaom 
6^oxa cjDopMHpoBaHH^ opToroHajibHbix nocneAO- 
BaTe^bHOCTen chmbo^iob, nepBbifi bxoa 4>opmh- 
poBaTeAH N AHaAHMecxHx cabhtob siBJisieTCfl 
TpeTbHM bxoaom 6iioxa 4>opMHpoBaHHfl opToro- 
HajibHbix noc^eAOBaTejibHocTefi chmbo^ob, xa»- 

AaH BeTBb cjDOpMHpOBaHHfl OpTOTOHaJIbHblX 

noaaeAOBaTe^bHOcreH chmboaob coAep^cHT no- 
cneAOBaTejibHO coeAHHeHHbie y3e.n HajiojxeHHH 
opToroHa^bHbix koaob, y3eji noBTopeHHfl, 
nepBbin My^ibTHnjiexcop, y3eji xoMn^excHoro 
conpa»:eHH5i h btopoh MyjibTHnjiexcop, npn 
3tom bhxoa y3^a HajiojxeHHH opToroHa^bHoro 
xoAa AonoviHHTejibHO coeAHHeH co btopwmh 
BX0A3MH nepBOro h BToporo MyjibTHnjiexcopoB, 
nepBbie bxoaw y3JiOB HaAo^eHHH opToroHa/ib- 
HblX xoaob N BeTBen (JjOpMHpOBaHHSJ opToro- 
H3>ibHbix noc^eAOBaTejibHOCTeH chmbo^ob 

COeAHHeHbl C COOTBeTCTByiOmHMH HM BblXOA3MH 

c})opMMpoBaTe.n5! N AnaAHnecxHx cabhtob, 

BTOpbie BXOAbl V3JIOB HajIO^eHHfl opToroHa^b- 
HblX XOAOB N BeTBeH (J)OpMHpOBaHH5I opToro- 

H3-abHbix nocjieAOB3Te^bHOCTen chmbo^ob 

COeAHHeHbl C COOTBeTCTByK>IHHMH HM BMXOA3MH 

3anoMHHaK)mero ycTponcTBS , TpeTbH bxoam 
nepBbix My^bTHn^excopoB N BeTBen c£opMHpo- 

B3HHK OpTOrOHa/lbHblX nOCJieAOBaTe^bHOCTCH 
CHMBO^lOB o6l>eAHHeHbl H COeAHHeHbl C BblXOAOM 

^onmecxoro 3AeMeHTa H , TpeTbH BXOAbl 
BTopwx My^bTHnjiexcopoB N BeTBen c£>opMHpo- 

B3HH5) OpTOTOHa^bHblX nOC/ieAOBaTe^bHOCTeH 
CHMBO^OB 06*beAHHeHbI c nepBbiM bxoaom 



17 220891 

;iorHMecKoro 3.neMeHTa H, o6pa3ya ^eTBepTbin 

BXOJX 6^0Ka (j30pMHpOBaHH5I OpTOrOHaJIbHHX 

nocneaoBaTe^bHOCTeM chmbo.iob, BTopoii bxom 
jionmecKoro s.ieMeHTa M coeziHHeH c buxoaom 
y3Jia npoBepKM, BwxoabJ btophx My;ibTHn;iex- 

COPOB N BeTBeM cf)OpMHpOBaHH5l OpTOrOHaJlbHblX 

nocie^oBaTejibHOCTeH chmbo.iob hb,ihk)tch bh- 
xoaaMH 6;ioxa 4)opMHpoBaHHa opToroHajibHHx 
nocne^oBaTe-ibHOCTeH cmmbo^ob. 

COHOCTaBHTe^bHHH aHa.nH3 3a5iB^HeMoro 
cnoco6a pa3HeceHHOH nepeaa^H cHraajia c 
npoTOTMnoM no3BO/iHJi BbiflBHTb o6uiHe H 
OTjiHMHTCJibHwe npn3Haxn no cJ)opMy;ie H3o6pe- 

TCHHfl. 

06uiHe npH3HaKH 3aflB,i5ieMoro cnoco6a h 
cnoco6a-npoTOTHna: (fcopMHpyiOT N pa3HeceH- 
hwx KaHa-noB nepeaaMH cnrHajia, H3 BxoaHoro 
noTOxa chmbojiob 4)opMHpyK)T naxeTbi no N 

CHMBOJIOB. 

OTJiHMHTeJibHbie npH3Haxn 3aflBJiaeMoro 
cnoco6a ot cnoco6a-npoTOTHna: cfropMnpyxyr 
naxeTH no M 6ojibine N chmbojiob, eoiH N 
He paBHO CTeneHH wncjia £Ba, H3 chmbo^ob 
xaacaoro naxeTa cf>opMHpyK)T N opToroHajibHbix 
nocjieflOBaTejibHOcreH chmbojiob TaxHM o6pa- 
30M, mto6m xaacaaa H3 hhx coaepacauia Bee 
chmbojih naxeTa, npn^eM npaBHJio (J)opMHpo- 

B3HH5I OpTOrOHajIbHHX nOCJieflOBaTeJIbHOCTCH 
CHMBOJIOB flOJl^XHO 6bITb H3BeCTHO Ha npHCMHOH 

CTopoHe, Ha3HaMaK)T xaHaji pa3HeceHH5i xaacaoii 
c(f)opMHpoBaHHOH opToroHajibHOH nocneflOBa- 
TejibHOCTH chmbojiob xaacaoro naxeTa h 
ocymecrBJiHKDT nocneflOBaTcnbHyio nepeaa^y 
naxeTOB. 

3a^B^HeMbiM cnoco6 pa3pa6oTaH juia o6me- 
ro cayman MHOroypoBHeBow xBaapaTypHoii 
(xomiuicxchoh) m ojsyji huhh CHraajia h no3BO- 
jiaer cymecTBeHHO noBbiCHTb noMexoycroHHH- 

BOCTb CHCTeMbI paflHOCBH3H B KaHHie C 
33MHpaHHHMH. 

CpaBHeHHe 3asB;ifleMoro cnoco6a c apyrHMH 

H3BeCTHbIMH TeXHHMeCXHMH peilieHH^MH B 

^aHHOH o6,iacTH TexHHXH [4-9, 11] He 

n03B0.1HJ10 BblSBHTb npH3H3XH, 3aHB.neHHbie B 
OTJIHMHTCnbHOH M3CTH 4)OpMVvTbl H3o6peTeHH5I. 

ConocTaBHTejibHbiH aHanw3 3aHBJiaeMoro 
ycrpoHCTBa pa3HeceHHOH nepeaann CHrnaJia c 

npOTOTHnOM n03BO;iHJI BblHBHTb 06lIlHe H 

OTJiMMHTe^bHbie npH3HaxH no (})opMy^e H3o6pe- 

TeHHS. 

06mwe npH3HaxH 3anB;i5ieMoro ycrpoHCTBa 
h ycTpowcTBa-npoTorana: ycrponcrBo coaepaaiT 
cJjopMHpoBaTejib naxeTOB chmbojiob, 6,iox <Jx>p- 

MHpOBaHHH nHJIOT-CHTHavlOB, N MOZiy^HTOpOB H 

N aHTeHH, a Taxace HajiHMne cB5i3eH, 
nepeMHCJieHHbix b orpaHHHHTCibHOH Hacra 

(J)OpMy^bI H306peTCHHH. 
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OTJIHMHTejIbHbie npH3H3XH 3aHB^fleMOrO 

ycrpoHCTBa h ycrpoHCTBa-npoTOTHna oieayio- 
mne: BBeaeHH 6;iox pac^eTa jxnmiu naxeTa 
chmbo.iob, xotophh <J>opMHpyeT naxeTbi no M 
chmbojiob TaxHM o6pa30M, mto6w M 6bUIO 
paBHO h;ih 6o.ibnje N, npw stom M ao/i>KHO 
6uTb paBHO CTeneHH MHCJia aBa, h 6.iox 
4>opMHpoBaHHH opToroHajibHbix nocneaoBaTejib- 

HOCTeH CHMBO.IOB, XOTOpblH (J)OpMHpyeT H3 

chmbo^ob xaxaoro naxeTa N opToroHajibHbix 
nocneaoBaTe^bHocTeH chmbotiob h ocyuxecTBJiH- 
eT N pa3Hbix anaaHMecxHX caBnroB hcxoahoh 
nocJieaoBaTe-nbHocTH chmbotiob naxeTa, o6pa3ya 
N nocneaoBaTejibHOCTeii chmbo^ob. 

TaxHM o6pa30M, 3aaBJi5ieMoe ycTponcTBo 
peaaH3yeT b no-iHOM o&beMe npH3Haxn 
3aflB.a^eMoro cnoco6a. 

ConocTaBHTejibHhiH aHaviH3 3aHB^fleMoro 
ycrpoHCTBa c apyrHMH tcxhhmcckhmh perneHH- 

HMH [4-9, 11], H3BeCTHMMH B flaHHOH 06^aCTH 
TeXHHXH, He n03BOJIHJl BM^BHTb npH3H3XH, 

3aflB^eHHbie b oTJiHMHTeJibHoii Mac™ 4>opMyjiH 

H306peTeHHH. 

3asB;i5jeMbie cnocoS h ycrponcTBO no3BO- 

JI5HOT no CpaBHeHHK) C H3BeCTHbIMH TeXHHMe- 
CXHMH peiHeHHHMH CymeCTBeHHO yBe^IHMHTb 

flocTOBepHocrb nepeaa^H HHcJjopMauHH h eM- 
xocrb cHcreMu paAHOCBH3H c xoAOBbiM pa3fle- 
jieHHeM xaHajioB. CjieaoBaTe^bHO, 3a«Bji5ieMHe 
cnoco6 pa3HeceHHOH nepeaaMH cHraajia h 
ycrrpoHCTBO jyin ero peanH3auHH, co3flaHHbie b 
e^HHOM H3o6peTaTe^bcxoM 3aMBicjie, OTBe^aiOT 

XpHTepHHM H306peTeHHfl "HOBH3Ha", "TexHHMe- 

cxoe pemeHHe 3aaaMH M , M cymecTBeHHbie otjih- 
mhh" h OTBewaioT H3o6peTaTejibCxoMy ypoBHX). 

OnncaHne H3o6peTeHH5i noflCHfleTca rpacJ)H- 
necxHMH MaTepnaJiaMH. 

Onr.l H>uiK)CTpHpyeT o6mnH bha cnoco6a 
pa3HeceHH0H nepeaaMH curHa^ia b npnMOM 
xaHane cncTeMbi cbh3h. 

Ha Onr.2 noxa3aHa 6jiox-cxeMa 3aaBjine- 
Moro ycrpoHCTBa pa3HeceHHOH nepeaa^H cnr- 
Hajia. 

Ha 4>hi\3 - 6iiox-cxeMa 6-noxa cJ)opMnpo- 
BaHHfl opToroHajibHbix noc^ezioBaTevibHOCTeH 
chmbo^ob, npHBeaeHa xax npHMep peajiH3auHH 
3Toro 6iioxa. 

Ha cf)Hr.4 noxa3aH npHMep cJ)opMHpoBaHH^ 
naxeTOB no M chmbojiob h3 BxoaHoro noToxa 

CHMBO^OB. 

Ha c})Hr.5 - npHMep pea.nH3auHH 3aHBJiae- 
Moro cnoco6a pa3HeceHHOH nepezia^H cnraajia 
Win N=2, cnyMan, xoraa chmbo^m 

HBJISK)TCH KOMn/ieXCHblMH MHCJiaMH. 

Ha cf)Hr.6 - npHMep peajiH3aunH 3asiB«nHe- 
Moro cnoco6a pa3HeceHHOH nepeaann CHinana 
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fljiH N=4, fliiH cjiy^as, xoraa chmbojih 

flBJlHIOTCa ^eHCTBHTejIbHblMH MHCJ13MH. 

Ha tJ)Hr.7 - npwMep peajiH3auHH 3aflBjiae- 
Moro cnoco6a pa3HeceHHon nepeaaMH cnraajia 
ajih N=4, ajih cnvHafl, xoraa chmbojih 

SBJISHOTCB KOMELHeKCHblMM MHCJI3MH. 

Ha cj5Hr.8 npHBe^eHM AHaAHMecxne CABnrn • 
nocaeflOBaTe-nbHOCTH chmbojiob b naxeTe Rjia 
M=4 , npHBe^eHbi xax npwMep BbmojiHeHna 
onepauHH AnaAH^ecxoro caBHra. 

Ha (J)Hr.9 npHBeaeHbi B03Mo^<Hbie BapnaHTbi 
saMeHbi MacTH chmbojiob b N nocjieAOBaTejib- 
HOCT5IX CHMBOJIOB Ha xoMnjiexcHo-conpfl>KeHHbie 
hm 3HaMeHH^, o6ecneMHBaK>mne opToroHajib- 
HOCTb yxa3aHHbix nocjieAOBaTejibHocTen ajis 
' N=2. 

Ha cfcnr.lO npHBeAeHbi nocjieAOBaTejibHOcrn 

€ , m = T7T5, 
f m h m cooTBCTCTByiomnc npHMepy 

peajiH3auHH H3o6peTeHHH, noxasaHHOMy Ha 

(J)Hr.7. 

Ha cj3Hr.ll npHBefleHH 3aBHCHMOcrn Bepo- 
hthocth oiiiH6o i iHoro npneMa (J)peMMa OCUI 
Ha 6ht ajia pa3JiHHHbix cnoco6oB pa3HeceHHOH 
nepeaawH, nojiyneHHbie c noMombio xoMnbio- 
TepHoro MOAe^HpoBaHH^ npH N=2. 

Ha cj3Hr.l2 npHBeAeHbi 3aBHCHMOcra Bepo- 
hthocth omH6oMHoro npneMa cJ>peHMa OCI1I 
Ha 6ht ajis pa3JiHMHbix cnoco6oB pa3HeceHHOii 
nepeAa^H, nojiyMeHHbie c noMombio xoMnbio- 
TepHoro MOAejiHpoBaHMH npn N=4. 

Ha (J)Hr.l3 npHBeAeHbi 3aBHCHMOcm Bepo- 
hthocth ouin6owHoro npneMa (£peHMa OCLLI 
Ha 6ht una pa3JiHMHbix cnoco6oB pa3HeceHHon 
nepefla^H, nojiyweHHtie c noMombio xoMnwo- 
TepHoro MOAeJiHpoBaHHa npH N-8. 

YcTpoHCTBO (cj3Hr.2) coAepacnT 4>opMHpoBa- 
Tejib naxeTOB chmbojiob 3, 6jiok (£>opMHpoBaHHH 
nnjiOT-cnrHajioB 4, N MoayjiaTopoB 5i-5n h N 
nepe^aiomHX aHTCHH 6i-6n, npn stom nepBWH 
bxoa (J)opMHpoBaTejifl naKeTOB chmbojiob 3 
HBJiseTCfl nepBbiM bxoaom ycrpoHCTBa, nepBHH 
bxoa xaacAoro MOAyjiflTopa 5i-5n coeAHHeH c 
cooTBeTCTByiomHM eMy bhxoaom 6jioxa (J)OpMH- 
poBaHH^ nmioT-CHrHajioB 4, bmxoa xaatAoro 
MOAyjiHTopa coeflHHeH c cootb ctctb y ioiuch eMy 
aHTCHHOH. CorjiacHo H3o6peTeHHio ycrpoHCTBO 
AonojiHHTejibHO coAep^KHT 6jiox pacMeTa ajihhm 
naxeTa chmbojiob 7 h 6jiox 4>opMHpoBaHHa 
opToroHa^bHbix nocjieAOBaTejibHocTen chmbojiob 
8, npn stom nepBHe bxo^u 6jioxa pac^eTa 
ajihhh naxeTa chmbojiob 7 h 6jioxa cfcopMnpo- 

BHHH5I OpTOrOHavlbHMX nOCJieAOBaTeJIbHOCTCH 

chmbojiob 8 o&be^HHeHM, o6pa3yH BTOpOH BXOJX 
ycTponcTBa , bhxoa 6jioxa pac^eTa ajihhh 
naxeTa chmbojiob 7 coeAHHeH co btophmh 
BxoziaMH 4)opMHpoBaTeji5i naxeTOB chmbojiob 3 
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h 6jioxa (J)opMHpoBaHH5i opToroHajibHHx nocjie- 

AOBaTeJlbHOCTeH CHMBOJIOB 8, TpeTHH BXOA 

xoToporo coeAHHeH c bhxoaom cf>opMHpoBaTeji5i 
naxeTOB chmbojiob 3, MeTBeprbiH bxojj 6jioxa 
(J>opMHpoBaHHH opToroHajibHbix nocjieaoBaTejib- 

HOCTeH CHMBOJIOB 8 flBJl^eTCfl TpeTbHM BX0JX0M 

ycrpoHCTBa, btopoh bxojx xa»uioro MoayjiaTopa 
5i-5n coeaHHeH c cooTBeTCTByioinHM eMy 

BblXOflOM 6jIOXa C|)OpMHpOBaHH5I OpTOrOHaJIbHbJX 

nocjieaoBaTejibHOCTeH chmbojiob 8. 

BjIOX 4)OpMHpOBaHHH OpTOTOHaJlbHblX nO- 

CJienoBaTejibHOCTeH chmbojiob 8 (c})Hr.3) npn- 
BeaeH xax npnMep peajiH3auHH ajih 
3aaBJi5ieMoro ycTponcTBa. Bjiox cfjopMHpoBaHHa 
opToroHajibHbix nocjieflOBaTejibHocTen chmbojiob 
8 coaep^KHT 4)opMHpoBaTejib N flna^HMecxHX 
cflBHroB 9, N napajiJiejibHbix BeTBen 4)opMHpo- 
BaHH£ opToroHajibHbix nocJieAOBaTejibHOCTen 
chmbojiob 10i-10n, 3anoMHHaK>n^ee ycTpoHCTBO 
11, y3eji npoBepxH 12 h jiorHMecxHH sjieMeHT 
H 13, npn stom nepBHH bxojx 3anoMHHaiomero 
y CTpo h ctb a 11 h Bxofl y3Jia npoBepxH 12 
o6beflHHeHbi, o6pa3y« nepBUH bxozx 6jioxa 
c})opMHpoBaHH5i opToroHajibHbix nocjieflOBaTejib- 
HOcreH chmbojiob 8, btopoh bxojx 3anoMHHaio- 
mero ycTponcTBa 1 1 HBJineTCsi btophm bxoaom 
6jioxa (JjopMHpoBaHHfl opToroHajibHbix nocjieno- 
BaTejibHOcreH chmbojiob 8, nepBMH bxoa 
<J)opMHpoBaTejifl N jiHaaHMecxHx caBHroB 9 
HBJiaeTca TpeTbHM bxojiom 6jioxa (})OpMHpOBa- 
hhh opToroHajibHbix nocjieAOBaTejibHocTen chm- 
bojiob 8, xaacnas BeTBb (JjopMHpoBaHHfl 
opToroHajibHbix nocjieAOBaTejibHocTeii chmbojiob 
10i-10n coAep»:HT nocjieAOBaTejibHO coeAHHeH- 
Hbie y3eji Hajio^ceHHH opToroHajibHbix xoaob 14 
(cooTBeTCTBeHHO 14i-14n b N BeTBAX npneMa), 
y3eji noBTopeHHH 15 (cooTBeTCTBeHHO 15i-15n 
b N BeTB^x npneMa), nepBbiii MyjibTHnJiexcop 

16 (COOTBeTCTBeHHO I6l-16N B N BeTBflX 

npneMa), y3eji xoMruiexcHoro conpH^ceHHH 17 
(cooTBeTCTBeHHO 17i~17n b N bctbhx npneMa) 

H BTOpOH MyJIbTHnJieXCOp (COOTBeTCTBeHHO 

18i-18n b N BeTBsx npneMa), npn stom bhxoa 
V3Jia Hajio^ceHHH opToroHajibHoro xoaa 14 
(cooTBeTCTBeHHO 14i-14n b N bctbkx npneMa) 

AOnOJIHHTeJIbHO COeAHHeH CO BTOpblMH BXOAaMH 

nepBoro 16 n BToporo 18 MyjibTnnjiexcopoB, 
nepBbie bxoah y3JioB Hajio^eHna opToroHajib- 
hmx xojOB 14i-14n N BeTBen cfcopMnpoBaHnfl 
opToroHajibHbix nocjieAOBaTejibHocTeii chmbojiob 

COeAHHeHbl C COOTBeTCTByiOIUHMH HM BblXOAaMH 

4>opMHpoBaTeji^ N AHaAHMecxnx CAsnroB 9, 
BTopne BXOAbi y3JiOB Hajio^eHna opToroHaJib- 
hwx xoaob N BeTBen cfcopMnpoBaHHfl opToro- 
HajibHbix nocjieAOBaTejibHocTen chmbojiob 
14i-14n coeAHHeHW c cootb eTCTByiomnMH hm 
BwxoAaMH 3anoMHHaiomero ycTponcTBa 11, 
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16N N BeTBeH (J)OpMHpOBaHH5I OpTOrOHa^bHblX 

nooie^oBaTe-ribHOCTeH chmbojiob ofoeAHHeHM h 
coeziHHeHbi c bmxoaom jiorHMecxoro ajieMeHTa 

H 13, TpeTbH BXOAM BTOpblX MyjIbTHnJieXCOpOB 
18l-l 8N N BeTBeH Cj)OpMHpOBaHH5i opToroHa^b- 

hmx nocie.aoBaTejibHocTeH chmbojiob o6i>eAHHe- 
hm c nepBbiM bxoaom jiorHMecxoro sjieMeHTa 
H 13, o6pa3yfl neTBepTMH bxoa 6jioxa 
4)opMHpoBaHH« opToroHa^bHbix nocjieaoBaTejib- 

HOCTeH CHMBOJIOB, BTOpOH BXOA JIOrHMeCXOTO 

ajieMeHTa H 13 coeaHHeH c bmxoaom y3Jia 
npoBepKH 12, bmxoam btophx MyjibTHnjiexco- 
poB 18i-18n N BeTBeA cfropMHpoBaHHH opToro- 
Ha-nbHbix nocjie^OBaTe^bHocTeH chmbojiob 

SIBJ15I10TC5I BblXO^aMH 6jIOXa (|)OpMHpOBaHH5I 

opToroHa/ibHbix nocjieAOBaTejibHOCTen chmbojiob 
8. 

3a*BjisieMbiH cnoco6 pa3HeceHH0H nepe^aMH 
cnrHajia peajiH3yK)T Ha nepcaaiomen annapa- 

Type 6a30BOH HJIH Mo6HJIbHOH CT3HUHH. fljia 

3Toro Ha nepeaaiomeH cropoHe aojipkho 6biTb 
ccJjopMHpoBaHO N KaHajiOB pa3HeceHHH. Hanpn- 
Mep, 3th xaHajibi MoryT 6biTb c4)opMHpoBaHM 

nOCpe^CTBOM HCnOJIb30BaHHH npOCTpaHCTBeHHO- 

pa3HeceHHwx aHTeHH h/hjih aHTeHH c pa3HOH 
noJiflpH3auHeH. Rna mm locrpa uh h 3aKBJineMoro 
cnoco6a npHBeAeH npHMep ero peajiH3au.HH Ha 
BC c N npocTpaHCTBeHHo-pa3HeceHHbiMH aH- 
TeHHaMH (<t>nr. 1 ) . 

H3 noTOxa nepe^aBaeMbix chmbojiob (chm- 
bojiob MOflyjiHUHH) ^opMHpyiOT naxeTbi no 

M>N chmbojiob. llpHMep 3toh onepauHH 
HJUHocrpHpyeT (})Hr.4. H3 chmbojiob xaacAoro 
naxeTa cfropMHpyKrr N opToroHajibHbix nocjie- 
AOBaTejibHocreH chmbojiob si, S2,..., sn, xaacAaa 
H3 KOTOpbix coAepjKHT Bee chmbojim naxera. 

Ka^AOH H3 N C(fc>OpMHpOBaHHbIX OpTOTOHaJIb- 

hhx nocjieflOBaTejibHocreH chmbojiob naxeTa 
Ha3H3MaiOT cboh xaHaji pa3HeceHH5i, nocjie nero 
ocymecTBjiflKDT nepeAany naxeTa, npn xoTopon 
ojjHOBpeMeHHO nepeaaiOT Bee c<£opMHpoBaHHMe 
opToroHajibHbie nocjieAOBaTejibHOCTH chmbojiob. 
Onr.5-7 HJiJiiocrpHpyicrr nepenHCJieHHbie one- 
pauHH cnoco6a, npHMeM cf>Hr.5 HJijnocTpHpyeT 
onepauHH cnoco6a npn N=2, M=2, cf>Hr.6 - npn 
N=4, m=4 (nepeaaBaeMbie chmbojim npeflcraB- 

JI5IIOT C060H JieHCTBHTeJIbHbie HHCJia) , cf>Hi\7 - 

npn N=4, M=4 (nepeaaBaeMbie chmbojim 
npeziCTaBJiHioT co6oh xoMiuiexcHbie MHCJia). 

Hnace 6y^eT noxa3aHO, mto 6jiaroaapa 
yxa3aHHOH opToroHajibHOCTH Ha npneMHOH 
CTopoHe moxho oueHHTb 3HaMeHHe xaacAoro 
CHMBOJia nepeAaHHoro naxeTa b otc y tctb h e 
B3aHMHoro bjihahhh CHraajiOB, nepeAaHHbix 

pa3JIHMHMMH aHTCHH3MH. TlpH 3T0M nOCXOJIbXy 

xa^AMH chmboji naxeTa nepeAaeTcsi b pa3HMx 
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opToroHajibHMx nocjieAOBaTejibHOCT^x Mepe3 N 
pa3JiHMHMx aHTeHH, b oueHxe CHMBOJia npn- 
cyTCTByeT 3(f4>exT pa3HeceHH5i. 

fljiH (J}opMHpoB3HH5i opToroHajibHbix nocjie- 
AOBaTejibHocTen H3 chmbojiob naxeTa hhcjio 
chmbojiob b naxeTe aojdkho yAOBjieTBopsTb 
ycjiOBHK> M=2 m , me m-1 , 2,.... HanpHMep, 
mo^cho BM6npaTb M cjieAyiomHM o6pa30M. Ecjih 
N=2 m , m=l, 2,..., to M-N. B ocTajibHMx 
cjiy^anx cjiejyeT Bbi6npaTb M xax 6jin>xaHiiiee 
npeBoexoA^mee N hhcjio, paBHoe creneHH 
abohxh. 

06o3HaMHM naxeT chmbojiob Mepe3 a={ai}, 
rjxe ai=A C i+jAsi - i-n chmboji b naxeTe, 
i = 1,M. noA ppToroHajibHOCTbio nocjieAOBa- 
TejibHocTen Sk, k = 1,N noApa3yMeBaeTC5i 
BMnojiHeHHe ycnoBHSi 

K . ^_ 

Ess, = G5 u ; k,m = 1, N (1) 
k i m i km 

rae K - xojiHMecTBO chmbojiob b nocjieAOBa- 



TeJIbHOCTSX SkJ 

g = r i \*>\ z -- 

= fl,k = m _ 
km \o , k * m 



chmboji KpoMexepa 



(•)* - onepauHH xoMiuiexcHoro conpa^ce- 



HH5J. 



fljIH (J)OpMHpOBaHHfl N ODTOrOHaJIbHMX 

nocjieAOBaTejibHOCTeH, HanpHMep, Hcnojib3yioT 
CJieayioinyio nocjieAOBaTejibHOCTb onepauHH. 

1. OcymecTBjiHKjT N pa3JiHHHMx AHaAH^e- 

CXHX CABHTOB HCXOAHOH nOCJieAOBaTejIbHOCTH 

chmbojiob b naxeTe [12, H. Axmca, K. P. Pao. 
OpToroHajibHMe npeo6pa30BaHHfl npn o6pa6oT- 
xe uH(J>poBMx CHraajiOB / Ilep. c amvi. T.3. 
KpeHxejia, noA peA. H.B. OoMeHxo. M., CBA3b, 
1980]. B pe3yjibTaTe noAywaxiT N nocjieAOBa- 

TejIbHOCTeH CHMBOJIOB _ {pi} , 

p = a , i = l.N, j = 1, M; e - 

onepauHH no6nTHoro HCXJiK5MaK)n;ero HJIH. 
3Ty onepauHK) HJiAX)CTpHpyeT cf>Hr.5 ajih N^, 
M=^4. nojiyneHHbie nocjieAOBaTejibHOcra chmbo- 
jiob flBJIflKXTCH JIHHeHHO He33BHCHMMMH , HO He 
OpTOrOHajIbHMMH. IlpHMep AHaAHMeCXHX cabh- 
TOB HCXOAHOH nOCJieAOBaTeAbHOCTH CHMBOJIOB B 

naxeTe noxa3aH Ha (})Hr.8. 

OnncaHHaji onepauHH ocymecTBJisieTCfl b 
annapaType ajia xa»yioro naxeTa chmbojiob. 

2. PaccraBJiHxrr onpeAejieHHMM o6pa30M 
3HaxH nepeA chmboji3mh nocjieAOBaTeAbHOCTeH. 
T.e. Si-{pijUij}, i = l.N, J - 1,M, H xa^AMH 

H3 X03<t>4)HUHeHTOB Uij MO^CCT npHHHM3Tb OAHO 
H3 2-X 3HaMeHHH: +1 HJIH -1. ECJIH CHMBOAM 

naxeTa abjiakdtch AeHCTBHTejibHbiMH MHCJiaMH, 
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to b pe3y/ibTaTe 3toh onepauHH 4>opMHpyioTCH 
N Tpe6yeMbix opToroHajibHbix nocjieaoBaTejib- 
HOCTeH cm mb O-H ob naKeTa. 

BeKTOpb! K03C{)Cj)HUHeHTOB Uj={Uij}, 

1 = l.N He 3aBHCflT OT 3Ha4CHHH CHMBOJIOB 

naKeTa h MoryT 6biTb paccMHTamd 3apaHee (Ha 
3Tane npoeKTHpoBaHHfl chctcmh cba3h) ajia 
Ka»moro B03MO^cHoro 3HaneHHH ajihhm naxeTa 
M. B annapaType CB5I3H yxa3aHHbie BeKTopbi 
K03cJ)(})HUHeHTOB MoryT 6biTb nponHcaHbi, Ha- 
npHMep, b n3y. 

Ha cjDnr.6 noxasaH npHMep (£>opMHpoBaHHfl 
N opToroHa^ibHbix nocjieaoBaTejibHocTeii chm- 
bojiob H3 naxeTa ajihhoh M chmbojiob, Korzia 

CHMBOJIbI SlBJlSlKfTCSl AeHCTBHTeJIbHHMH MHCJI3MH 

nun N=4 h M=4. 3aMeTHM, mto N oJ)opMHpo- 
BaHHbix nocneaoBaTejibHOCTeH jjbjiaiotch opto- 

FOHa^bHblMH npH JIK)6bIX 3Ha^eHHHX, KOTOpbie 

MoryT HMeTb chmbojiu naKeTa ai, 1 = 1»N. 
PaccMOTpHM Tenepb HecKOJibKO npHMepoB 

HaXO»meHHfl BeKTOpOB KO3C}H£>Hi;HeHT0B Ui={uij}, 

i = T7n. 

nepBbiM npHMep 3aKjnoMaeTCfl b Henocpea- 
CTBeHHOM pemeHHH cncTeMbi ypaBHeHMH (1). 

Btopoh npHMep HaxoacaeHHa 3HaneHHH 
K03cJ)(j3HUHeHT0B 33KjnoijaeTCJi b nepe6ope 
3HaMeHHH K03(|)4)HUHeHT0B ao Tex nop, noKa 
He 6yaeT HanaeHa kom6hh3d,hh sHaweHHH, 
yAOBJieTBop^K>maa CHCTeMe (1). MaxcnMajibHoe 
KOJiH^ecTBO nepe6HpaeMbix kom6hh3uhh 3Ha- 

MeHHH BeKTOpOB K03(Jx})HU.HeHT0B n p H 3 T0 M 

cocraBJiaeT 2 MN . fljm chh^chha BbiMHCJiHTejib- 
hmx 3aTpaT mo^ho BOcno;ib30BaTbCH cjieayio- 
iuhm npneMOM. B Ka^ecTBe nepBOH 
opToroHajibHOH nocieflOBaTejibHocTH si 6epyT 
Henocpe^CTBeHHo nocjieaoBaTejibHOCTb pi, T.e. 

Ulj=l, j = 1,M. Ko3<J)<i)HUHeHTbI U2j, 

J = 1 » M nocJieflOBaTejibHocTH S2 nos6HpaiOT 
TaKHM o6pa30M, mto6m o6ecneHHTb opToroHa^b- 
HocTb si h S2- Jlnsi 3Toro Tpe6yeTCH nepe6paTb 

BCeiX) 2 M 3HaHeHHH BeKTOpa K03Ct>c})HUHeHTOB 

U2. 3aMeTHM, hto MoaceT cymecTBOBaTb 6ojiee 
OAHoro 3HaneHHH BeKTopa K03(Jx})HUHeHT0B U2, 
npH KOTopoM o6ecnewHBaeTCH opToroHajibHocrb 
yxa3aHHbix nocJieaoBaTejibHOCTeH. llosTOMy 
oneayeT Bbi6paTb jno6oe ero nozixosamee 
3HaweHHe. Ha cneayioineM 3Tane nepe6HpaioT 

3Ha*JeHH5I BeKTOpa K03(f>(i)HU,HeHT0B U3 H 

Bbi6HpaK>T jno6oe TaKoe ero 3Ha^eHHe, npH 
kotopom o6ecnewHBaeTCsi opToroHajibHocrb S3 c 
si h S2- flencTBy^ aHajiorH^HbiM o6pa30M, 
cfropMnpyiOT N Tpe6yeMbix opToroHajibHbix 
nocjieflOBaTe^bHOcreH Si. 

Mo>kho eme 6ojiee cHH3HTb BbiMHCJiHTejib- 
Hbie 3aTpaTbi 3a ever HCKJiioweHHfl H3 nepe6opa 
3aBeaoMO He noaxoafliuHx 3HaneHHH BeKTopoB 



KO3<j)CjDHUHeHT0B Ui, 1 = 1,N. 3T0rO 
3aMeTHM, HTO HCKOMbie BCKTOpbl KOS^C^HUHeH- 

tob Ui aBjisnoTCa opToroHa^ibHbiMH , HanpHMep, 
npHHaaJie^aT k KaxoMy-HH6yjib H3BecrHOMy 
aHcaM6viio opToroHajibHbix cfryHKUHH. B Ka^e- 
CTBe nocjieaHero mo^ho B3JiTb aHcaM6jib 
(JjyHKUHH y o jima [12] {wi}, wi={wij}, 
i = 1,M, j = 1,M. Toma npoueaypa tfropMH- 
poBaHHfl opToroHajibHbix nocneflOBaTe^bHocTeH 
Si BbirjismHT cneayioinHM o6pa30M. B KanecTBe 
nepBoro BeKTopa koscJxJjhuhchtob ui, 6epyT 
jno6yio M3 opToroHajibHbix (J>yHKUHH, HanpHMep 
wi. B KawecrBe U2 6epyT TaKyio cfryHKUHio H3 

OCTaBIHHXCH M-l OpTOrOHajlbHblX (JjyHKUHH Wi, 

npH kotopoh o6ecneHHBaeTca opToroHajibHocTb 
si h S2. B Ka^ecTBe U3 Bbi6HpaK>T ^K>6yio 
opToroHa^ibHyio (JjyHKUHio H3 ocTaBinnxcH M-2 
(JjyHKUHH wi, TaKyio, mto6h o6ecneMHTb 
opToroHajibHocTb S3 c si h S2. flencTBys 
noAo6HbiM o6pa30M, onpeae^iiioT Bee N 

BeKTOpOB K03(})4)HUHeHTOB Uj. 

3. Ecjih CHMBonw naKeTa hbjihkdtch 
KOMruiexcHbiMH MHCJiaMH h N=2, to ocymecr- 
bjihiot 3aMeHy o6ohx CHMBOJIOB B OAHOH H3 
c<t>opMHpoBaHHbix nocjieflOBaTejibHOCTeH Ha hx 
KOMnjieKCHO-conpn^ceHHbie 3HaMeHH5! hjih ocy- 
mecTBjiHioT 3aMeHy no oAHOMy pa3HOMy 
CHMBOviy b Ka^KjjOH nocjieflOBaTeJibHOCTH Ha hx 
KOMnjieKCHO-conpaxceHHbie 3HaMeHHH (c})Hr.9 
no3HUHH a - a). riojiyweHHbie nocjieaoBaTe^b- 

HOCTH SI H S2 flBJI^lOTCfl OpTOrOHaJIbHblMH. 

Ecjih N>2, to Ka*myio nocaeaoBaTejibHocTb, 
nojiyneHHyio b pe3yjibTaTe BHno^HeHHa npeA- 
bmymeH onepauHH, iiobtophiot, o6pa3ya N 
nocneAOBaTejibHocTeH a^hhoh 2M chmbojiob. 

M3MCHHIOT 3HaMeHHfl HOJIOBHHbl CHMBOJIOB B 

nocneaoBaTcnbHOCTflx Ha KOMnjieKCHO-conpfl- 
»eHHbie HM Be/IHMHHbl TaKHM o6pa30M, mto6m 
o6ecneMHTb opToroHajibHocTb Bcex ccf)opMHpo- 
BaHHbix nocjieAOBaTe/ibHOCTeH KOMnji eKCHbix 
chmbojiob. Mojkho npHBecTH HecxojibKo npHMe- 

POB 3TOH 3aMeHbI. 

1. Moxho 33MeHHTb nepBbie hjih nocjieAHHe 

M CHMBOJIOB Ha KOMIUieKCHO-COnp5i:>KeHHbie 

3HaweHH5i b Ka^cziOH nocjieaoBaTejibHOCTH. 

2. Ecjih paccMaTpHBaTb nocjieAOBaTejibHo- 

CTH CHMBOJIOB KaK CTpOKH MaTpHUH pa3Mepa 

Nx2M, to opTOix)HajibHOCTb crpoK o6ecneMHBa- 
eTCH npn 3aMeHe chmbojiob b M CTOJi6uax stoh 
M3TpHUbI Ha KOMnjieKCHO-conpfl^ceHHbie HM 
3HaweHH5i, npH^eM HOMepa yKa3aHHbix ctoji6~ 
uob (cHHTaa c Hyjia), B3siTbie no Moayjiio M, 
He aoji^KHbi noBTopflTbCH. T.e., ecjiH npoHyMe- 
poBaTb nepBbie M ctoji6u,ob MaTpnuu ot 0 no 
M-l h nocJieAHHe M ctoji6uob Taxace ot 0 no 
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M-1, to Bbi6paHHbie nna 3aMeHbi cmmbo^ob M 
CT0Jl6uOB AOJIXCHbl MMCTb pa3Hbie HOMepa. 

OTHOCHTejibHO <£opMnpoBaHH5! opToroHanb- 
hhx nocjieaoBaTejibHOcreH cnpaBeaJiHBbi aieay- 
KDmHe vTBepacaeHHH. 

1. H3 chmbojiob naxeTa MO>xeT 6biTb 
ccJjopMwpoBaHO M opToroHa^bHbix nocjieaoBa- 

Te^bHOCTeH, Ka^aa H3 KOTOpblX BKJIKDMaeT Bee 

chmbojim naKeTa. T.k. N<M, to Bceraa mo^ho 
c$opMHpoBaTb N Tpe6yeMbix b cnoco6e 
opToroHa.ibHbix nocjieaoBaTejibHOcreH. 

2. OpyxTypa 3thx nocjieaoBaTejibHOcreH 
TaKOBa, mto ohh 5ibji5Hotch nonapHO opToro- 

HaJlbHblMH He3aBHCMMO OT 3H3MCHHH CHMBOJIOB. 

3. ripn M=2 fljiHHa opToroHavibHbix nocjie- 
jiOBaTe^bHOCTeH cocraBJiaeT K=2 cuMBO^a. 

4. Tlpn M>2 fljiHHa opToroHa^bHbix nocne- 
flOBaTe^bHocreM cocraBJisieT K=M chmbojiob, 
ecjiH chmbojiu naxeTa npeacraBJisiOT co6oh 
AewcTBHTejibHbie HHCJia, h K=2M chmbojiob, 
ecjiw cHMBOJibi naxeTa bbjihiotch xoMnjiexcHbi- 

MM MHCJiaMH. 

H3 npHBe^eHHoro aaropHTMa 4>opMHpoBa- 
hha opToroHajibHbix nocJieflOBaTe^bHOCTeH chm- 
bojiob caeayeT, mto MoaceT 6biTb ccfropMHpoBaHO 
6ojibmoe hhcjio hx BapHaHTOB. Ilpn peaaH3a- 

UHH H306peTeHHfl MOXCeT 6bITb HCnOJIb30BaH 

jik)6oh BapnaHT cfcopMHpoBaHHH opToroHanbHbix 
nocjieflOBaTejibHOCTeii chmbojiob, ho oh aojiaceH 
6biTb H3BecreH Ha npneMHOH cropoHe. 

PaccMOTpHM npHMep npneMa cnrnajia no 
3aHBJiaeMOMy cnoco6y pa3HeceHHon nepeaa^H 
fljiH cjiynaji npeHMymecrrBeHHo oaHOJiyneBoro 
pacnpocTpaHeHHfl CHrnajia b xaHajie CB5I3H, 
xoraa ancnepcns BpeMeHHbix 3aaepacex noJie3- 
Horo cnraajia b Towxe npneMa cymecrBeHHO 
MeHbiue BejiHMHHH, o6paTHOH niHpHHe cnexTpa 
nojie3Horo cnmajia B stom cjiy^ae xaHaJi 
pacnpocTpaHeHHH MoaceT 6biTb npeacraBJieH b 
BHfle BexTopa h=[hi(t) h2(t)... hN(t) ], rjxe hi(t) 
- xoMiuiexcHbiH xo3(txl)HUHeHT nepeaaMH cnr- 
Hajia Meacay i-H nepeaaxHuen h npneMHOH 
aHTeHHaMH. Rjisi ocymecTBjieHns npneMa Ha 
npneMHOH CTopoHe Tpe6yeTCs 3HaTb xojiHnecTBO 
N ncnojib3yeMbix Ha nepeaaKmieH CTopoHe 
xaHanoB pa3HeceHHH, aaHHy M xa;xaoro naxeTa 

CHMBOJIOB H ajirOpHTM cJ)OpMHpOB3HHH OpTOTO- 

HajibHbix nocJie^OBaTejibHocTen chmbojiob. TIpH- 
eMHHX MO»eT 6biTb o6ecneMeH stoh 
HHC^opMaunen pa3JiHMHHMH cnoco6aMH. HanpH- 
Mep, bcs 3Ta HHct»opMauH5i hjih ee MaCTb MO^CeT 
6biTb 3apaHee H3BecTHa, HanpHMep, 3aaaHa 

CTaHAapTOM CBH3H. OCTaJIbHa* MaCTb HH4)OpMa- 
UHH HJIH BCJI OHa UejlHXOM MO^CeT 6bITb 

noJiyneHa no cjiyace6HOMy xaHajiy b npouecce 
ycT3H0BJieHH5i coeziHHeHHfl Meatay 6a30BOH h 

a60HeHTCX0H CTaHUHHMH. 
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fljia ocyiuecTBJieHHfl npneMa Taxace Tpe6y- 
k)tch oueHXH xaHajiOB pacnpocrpaHeHHsi Meacay 
nepeaarornHMH h npneMHOH aHTeHHaMH (oueH- 
xa BexTopa xaHajia pacnpocrpaHeHH* h). 3th 
oueHXH HaH6ojiee yao6HO cc})opMHpoBaTb, ecjin 
Mepe3 xaacaun xaHaji pa3HeceHHs nepeziaeTC5i 
nHJiOT-cnrHaji. JIjih pa3JiHMeHHH nnjioT-CHrna- 
jiob Ha npneMHOH cropoHe ohh aojixHbi 6biTb 
jiHHeHHO He3aBMCHMbiMH. IlpH 3tom HaHJiymnee 
xaMecTBO oueHXH xaHajia pacnpocTpaHeHHH 

MO^CHO nOJlVMHTb npH HCnOJlb30BaHHH opToro- 

HajibHbix nnjiOT-cnrHaJiOB, nocxojibxy b stom 
cjiynae npw oueHxe xaHajia pacnpocTpaHeHHH 
Me^cay xa^aon nepeaaioiuen h npneMHOH 
aHTeHHaMH OTCyTCTByKDT noMexw ot nHJicrr-CHr- 
HajioB, nepeaaHHbix Mepe3 ocTajibHbie nepeaa- 

KDIUHe aHTeHHbl. 

M3BecTHbi aBa ochobhmx THna nnjioT-cnr- 
HajiOB. 3to HenpepHBHbiH nHjiOT-cHraaji, xo- 
TOpbiH nepeaaeTca HenpepbiBHO b Te^eHne 

CB«3H OaHOBpeMeHHO C HH(t>OpMaUHOHHUM 

CHraaaoM, h npepbiBHCTbiii nnjiOT-cnrHaa, 
xoTopbin nepeaaeTCH nooMepeaHO c HHcfcopMa- 
UHOHHbiM cHrnajiOM. Bo btopom cjiy^ae b 
nepeaaBaeMbin noTOx HHCj>opMauHOHHbix chm- 
BoaoB nepnoaHMecxH BCTaBJiaeTCH HexoTopoe 
xojiHMecTBO H3BecTHbix Ha npneMHOH cTopone 

nHJIOT-CHMBOJIOB. 

nHJioT-CHraaji aoji»ceH nepeaaBaTbcn Mepe3 
tot ^ce xaHaa pacnpocrpaHeHnsi, mto h 

HHCfropMaUHOHHbJH CHmaJI. TOJIbXO B 3TOM 

cjiynae oueHxa xaHajia pacnpocrpaHeHHS, 
nojiyHeHHaa no nnjiOT-CHTHany, MO^ceT 6uTb 
ncnojib30BaHa aaa npneMa HH^opMauHOHHoro 
CHmajia. CjieaoBaTejibHO, HenpepbiBHUH nnaoT- 
CHrnaji aojiaceH 6biTb opToroHajibHbiM hjih, no 
xpaiiHeH Mepe, aHHeiiHO He3aBHCHMbiM no 

OTHOHieHHK) X HH(J)OpMaUHOHHOMy CHrnajiy, una 

Toro HTo6bi 3th cHinajibi Morjin 6biTb 
pa3aeaeHbi Ha npneMHOH CTopoHe. 3to ycjioBHe 
HaH6ojiee npocTO MO^<eT 6biTb BbinojiHeHo b 
CHcreMax CBA3H c xoaoBbiM pa3aejieHHeM 
xaHajiOB, rae aJifl MoayjiflUHH cnrHajiOB 
pa3JinwHbix xaHajiOB npHMeHHiOTCsi opToroHajib- 
Hbie xoaoBbie nocjieaoBaTeJibHocTH. B cncreMax 
cbhsh c apyrHM npHHunnoM pa3aeaeHH« 
xanajiOB, HanpHMep c m a ctoth bi m hjih BpeMeH- 
HbiM pa3aejieHHeM, o6hmho npnMeH^HDT npepw- 

BHCTblH nHJIOT-CHTHaJl. 

B cjiynae npepbiBHCToro nHJiOT-CHraajia, 
nepeaaBaeMbin noTOx chmbojiob coaep^HT 

HH(l>OpMaUHOHHWe H nHJlOT-CHMBOJlbl. IlpH 3TOM 

4)opMHpoBaHne naxeTOB no M chmbojiob jiymne 
ocymecTBji^Tb TaxHM o6pa30M, mto6h naxeT 
chmbojiob coaep^caji TOJibxo HHcJ^opMaunoHHbie 
hjih TOJibxo nHJiOT-CHMBOJibi. B stom cjiynae 
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oueHKa KaHajia MoaceT 6biTb ocymecrBjieHa 

TOUbKO no nHJIOT-CHMBCXTiaM. 

Ootoh H3 onepauMH, BunciHseMbix b 
npneMHMKe, aoji>kho 6biTb ycraHOBjieHHe na- 
KeTHOH CHHxpoHH3auHM, T.e. onpeaejieHne 
rpaHHu naKeTOB b npnHHMaeMOM cnrHajie. 
AjiropHTM ycraHOB^eHHH naKeTHOH chhxpohh- 
3auHH b cHCTeMe CB5I3M MoaceT 6biTb peajiH3o- 
BaH pa3JiMMHHMH cnoco6aMH. HanpHMep, 
rpaHHUbi naKeTOB MoryT 6biTb npnBfl3aHbi k 
CTpyKType CHrHajia 6ojiee BbicoKoro ypoBHfl. B 
CTatuapTe cotoboh cbh3h IS-95 crpyKTypa 
cnrHajia BKJircmaeT b ce6a oaHOTnnHbie (J^pewMbi 

KOflHpOBaHHMX CHMBOJIOB JUlHTejlbHOCTbK) 20 

ms, CHHxpoHH3HpoBaHHbie c nepnoaoM 1 h Q 
nocjie^oBaTe^bHOCTeM, a TaioKe c o6hjhm 

CHCTCMHbIM BpeMCHCM. IlOSTOMy B npHCMHHKe 

jienco ycTaHaB.iHBaeTCsi ^peHMOBaa chhxpohh- 
3auHH. B cjiynae npnMeHeHHH npeaJiaraeMoro 
cnoco6a pa3HeceHHOH nepeaa^H ajiropHTM 
(JjopMHpoBaHHfl Ka»moro 4>peHMa mojkct 6biTb 

Bbl6paH T3KHM 06pa30M, HTo6bI Ka^HH (JjpeHM 

BKJiKmaJi H3BecTHoe vihcjio naxeTOB no M 

CHMBOJIOB. Torfla nO <J)peHMOBOH CHHXpOHH3a- 
UHH aBTOMaTHHeCKH M02CH0 yCTSHOBHTb naKCT- 
HyiO CHHXpOHH3aUHK>. 

B paccMaTpwBaeMOM hutkc ajiropHrae 
npneMa 6yaeM nojiaraTb, mto Ha npneMHOH 
cropoHe cc^opMHpoBaHa HfleajibHan oueHKa 

BeKTopa KaHajia pacnpocrpaHeHH* h = h - 
YKa3aHHafl oueHKa MoaceT 6biTb c<})opMHpoBaHa 
no nHJiOT-CHrnajiy jno6biM H3BecrHHM cnoco- 
6om. HanpHMep, b cjrynae HenpepHBHoro 
nHjioT-CHraajia MoaceT 6biTb Hcnojib30BaH 
ajiropHTM oueHKH komiuickchoh orn6aiomeH 
nojie3Horo CHinajia H3 [13, KBa3HKorepeHTHbiH 
npneM (J?a30MaHHnyjiHpOBaHHoro cHrnajia b 
CHCTeMax CDMA/A. B. TapMOHOB, K>. E. 
KapnHTCKHH, H. B. KaiOKOB, B. B. MaHe- 
jihc//5-h Me^ayHapoflHafl HayHHO-TexHHMecKaa 
KOH^epeHuna "PaaHOJiOKauna, HaBnrauHH, 
CBH3b n . T.l, c. 305-313. BopoHeac, 20-23 
anpejia 1999]. B cjiywae npepbiBHCToro nnjioT- 
CHrnajia (hhjiot-chmbojiob) Mo^ceT 6biTb hc- 
no^b30B3H, HanpHMep, HHTepnojiflUHOHHbiH 
ajiropHTM oueHKH H3 [14, S. Sampei and T. 
Sunaga, "Rayleigh fading compensation for 
QAM in land mobile radio communications," 
IEEE Trans. Veh. Technol., vol. 42, pp. 
137-146, May 1993]. ByAeM TaK*:e CMHTaTb, 
mto CHraaJibi, npninesinne b TOHKy npneMa ot 
pa3^HMHbix nepe^aiomnx aHTeHH, HMeioT npn- 
MepHO oanHaKOBbie BpeMeHHbie 3asep>KKH. 

B pe3y^bTaTe craHAapTHbix onepaunn, 
Bbino^HaeMbix b npneMHHKe, jiojiaceH 6uTb 

CC})OpMHpOBaH BXOflHOH BHJjeOMaCTOTHHH KOMn- 



zieKCHbiH cnrnaji [15, UnappoBbie paaHonpneM- 
Hue CHCTeMbi: CnpaBOMHHK/M. M. 2Kozi3Hiii- 
ckhh, P. B. Ma3ena, E. n. Obchhhhkob h 
ap./riofl pea. M. M. 2KoA3HincKoro - M.: Pazwo 
h CBH3b, 1990. - 208 c, an.], kotophh Ha 
HHTepBajie npneMa oaHoro naKeTa chmbojiob 
[0;T] HMeeT bujx 

x(t)=s(t, a)+n(t), (2) 

rae 

k n r t_kT Q^ 

s(t,a) = E Ehs u g(t)rect ^ (3) 

k= 1 1 =1 ^ S J 

- none3Hbin cnrna^; 

Si, i = 1»N - opToroHajibHbie noc^eaoBa- 
TejibHOCTH chmbo^ob nepeflaHHoro naKeTa 
(ajiropHTM hx dpopMHpoBaHHH onncaH Bbime); 
fljiHHa KaacaoH nocneaoBaTejibHocTH cocTaBjiseT 

K CHMBOJIOB; JIJIHTeJlbHOCTb OflHOK) CHMBOJia 

paBHa T s ; 

_ Ijr T 



L T s J lo, t<0; 



s 
t>T 



g(t) - HeKOTopaa MOAy^HpyiomaH cf>yHKUHH 
(b CHCTeMax CDMA OHa npeflCTaB^aeT co6oh 
pacmnpHJomyK) cnexTp cnraajia nceBflocjiynaH- 
Hyio nocjieflOBaTcnbHocrb) ; ls(t)| = 1; j n (t) 
- aAflHTHBHbiH 6ejiwH rayccoBCKHH inyM c 
AByxcropoHHeH cneKTpaJibHon ruioTHOCTbio 
MomHocrbK) No/2; K034>d3HUHeHTU nepeMMH 
Me;Kfly nepejiaiomHMH h npneMHOH ameHHaMH 
npHMepHo noCTOHHHbi Ha HHTepBajie oahoto 
naKeTa hi(t)«hi, i = l.N. 

B 3asiBjiHeMOM cnoco6e pa3HeceHHOH nepe- 
AaMH Ka^cAbiH chmboji naKeTa nepe^aeTCfl Ha 

4 

M H3 K CHMBOJlbHblX HHTepBajlOB, KOTOpbie 

cocraBJiHioT zuiHTe^ibHOCTb naKeTa. ripn stom 

Ha Ka^OM CHMBOJIbHOM HHTepBajie CHMBOJI 

nepeaaeTca Mepe3 cooTBeTCTByionxHH KaHaji 
pa3HeceHHH, c onpejiejieHHbiM 3H3kom , a Ha 
nacTH CHMBOJibHbix HHTepBajiOB nepezjaeTca He 
caMO 3Ha^eHHe CHMBOJia, a KOMnjieKCHO-conpa- 
^ceHHoe eMy 3HaMeHne. Tskhm o6pa30M, Ha 
npneMHOH CTopoHe npon3BOJibHOMy m-My 
(m = 1,M) cHMBOJiy npHHHMaeMoro naKeTa 
mo^cho conocTaBHTb nocjieaoBaTejibHOCT b Ko adp- 
c{)HUHeHTOB nepcuBHii gm={hi}, 1 = c 

KOTOpbIMM OH npHHHM3eTCSI Ha K CHMBOJlbHblX 

HHTepBajiax , nocji e^oBaTejibHocTb 3hskob 

e = *1, k = lTK 
e m ={e m k}, mk , C KOTOpblMH 

chmboji nepejiaBajiCH Ha yKa3aHHHx HHTepBa- 
jiax, H BeKTOp = {£mk}> fmk = 1, eCJIH Ha 
k-OM HHTepBajie nepeziaeTCH npaMoe 3HaweHHe 
CHMBOJia h ^mk = -1, ecjiH nepe^aeTC5? 
KOMnjieKCHO-conpa^eHHoe ero 3HaMeHHe, 
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k = 1,K. Ran Tex CHMBcnbHbix HHTepBajiOB 
^iHTe-ibHocTM naxera, Ha kotophx m-M chmboji 
He nepeaaeTca, cooTBeTCTByioiuHe aneMeHTbi 
oriHcaHHbix BeKTopoB paBHbi Hy/iK). fl/is 
yao6cTBa nocjieayioiiieH 3 annc H BBea eM BexTO- 
pw f m> fmk=emkgmk, m = 1,M, k = 1,K. Ha 
cj}Hr.lO npnBe^eHbi nocji e^OBaTejibHOCTH f m , 
m = 1 , M, cooTBeTCTByioiuHe npHMepy peajin- 
3auHM M3o6peTeHHH Ha (jDwr.7. 

TaKMM o6pa30M, no;ie3HbiH CHrHa/i (3) 
mo^cho raioKe npeACTaBMTb b cneayioiiieM BHae: 

s(t.a) = I Ef mk (A cm+ jC rok A sm ) x 
r t-kT 

(4) 



f si 
x g(t )rect J-^= J . 



Bbino/iHHM CHHTe3 onTHMa^bHoro no xpn- 
Tepnio MaKCHMajibHoro npaBHonoao6H5i ajiro- 
pHTMa npneMa cHraa/ia (2). JIorapncJ)M 
cJ)yHKU,HOHa/ia othoiuchmh npaBaonoao6HH cnr- 
Hajia (2) c TOMHOCTbio jxo HecymecTBeHHHx 
cJiaraeMbix HMeeT bha 



M(a) = 



(t)s*(t,a)dt+Jx*(t)s(t,a)dt+ 
o 



S |s(t,a) | 2 dtl. (5) 



no^CTaBjiHH (3) h (4) b (5), nocne 
Heo6xoflHMbix npeo6pa30BaHHH nojiy^aeM 

M(a) = i— ec E Y +2A Y -|a | z ], (6) 

N cm cm sm sm ' m 1 

O m= 1 

rfle 

l K 

cm a ^ k mk 

k = 1 

, K * 

Y = - E € Im < x , f , ), m = l.M (7) 

sm a 4-1 mk k mk 

k = 1 

1 =1 



Bcer^a otjihhch ot Hy^H, a Taxace npH6aBHTb 
h oraflTb ot Hero cnaraeMoe 

M 2 2 

I [ Y +Y 2 ]. 

cm s m 

ra= 1 

B pe3yjibTaTe no/iywaeM cJ>yHxu.HOHa;i 

M(a) = £ [ (Y 2 +Y 2 )-|(Y + jY )-a | 2 ]. (9) 

u cm sm 1 cm sm m 1 

m=l 

KaK BHAHO, MaKCHMM3aU.Hfl (fjyHXUHOHaJia 
(9) SKBHBa^eHTHa He33BHCMMOM MaXCHMM3aU,HH 

xaacaoro H3 BxoaamHX b Hero cnaraeMHx, T.e. 
onTHMa-nbHbiM xBJinercsi nocHMBOJibHbiH npneM. 
IlpH 3tom onTHMajibHaa oueHxa m-ro CHMBO/ia 
naxeTa ao.n>KHa o6ecneMHBaTb MaxcHMyM cfryH- 
xu.HOHa.rca 

M (a ) = (Y 2 +Y 2 )-|(Y +JY )-a | 2 , m = TM 

mm cmsmcm sm m 

(10). 

riocKOvibKy nepBoe crcaraeMoe b (10) He 

33BHCHT OT 3HaneHHH CHMBOJia a m , M3KCHMH- 

3auHH nocjieaHero <£yHXUHOHajia sxBHBajieHTHa 

MHHHMH33H.HH BTOpOTO BXOAflmerO B HeiX) 

cnaraeMoro. B pe3yjibTaTe, peinaioiuee npaBH- 
jio, no KOTopoMy ocymecrBjiaeTCfl oueHxa m-ro 
CHMBOJia, HMeeT bhjj 

£ = arg min|(Y +jY )-a I 2 . (11) 

m _ 1 cm sm J 1 

a €S2 
I 

fljlfl OTHOCHTeJIbHO npocTbix bhaob MOAyjIS- 
U.HH HeCJIO^CHO nOJiyHHTb flBHbie oueHKH 
HHC})OpMaUHOHHbIX CHMBOJIOB. Tax, flJI« BPSK 

h QPSK Moay/isuHH HMeeM Acm^signCYcm); 

A5m=sign(Y S m). 

E[poaHajiH3HpyeM Be/iHMHHy othoiuchha 
CHrHaji-iiiyM (OCUI) b pemaiomen ctsthcthkc 
Ycm+jYsm m-ro CHMBOJia. fljiH stoto pacxpoeM 
Bbipa^ceHHH AJifl Ycm h Ysm. noflcraB^HH (3) 

S |g(t) | 2 dt = T , 

b (7) h ywHTbiBaa, mto k 
nojiynaeM 



Y 



± T AT Re 
a u s 

k = l 



S h . f . k "i. 

i =1 



(12) 



X = f x(t)g (t)dt, k = 1,K, (8) 

k \ 



Ak 



k-M CMMBOJlbHblH HHTepB3JI Ha 



HHTepBa/ie naxeTa, 



k = 1,K. 



Ilojio^eHHe NiaKCHMyMa cJ}yHKUHOHajia (6) 
He H3MeHMTC5i, ecjiH OT6pocHTb HecymecTBeH- 
l 

HbiH MHO>KHTejib 0 KOTopbiH Ha npaxTHxe 



rae 
N 



- y ? AT Im 

a ^ mk s 
k = 1 



r h f s 

° i mk i k 
i =1 



(13) 



= - E Re 

cm a ^ 
k = 1 



f t J n(t)g (t)dt 

mk . 

A 

k 



; ( 14 j 



a S mk 



Im 
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(15) 



] = 



BjiaroAapa B3aHMH0H opToroHajibHOCT H no - 
cnesoBaTejibHOcreH chmbojiob Si, i = l.N, 
cnpaBea;iHBbi paBCHCTBa 

y y h ( S h )f* + (s t h )*f t 

« 2 1 k 1 mk 1 k 1 rok 
i=l k=l 

= A § £ |h | 2 , m = lTM; (16) 
N K 

y y ±£ [ ( s h )f -(s h ) f ) = 
^ ^ 2^mk lk i mk 1 k 1 mk 
1=1 k=l 

PacKpbiBaa (12), (13) c yMeTOM (16), (17), 
nojiynaeM 

Ycm+jYs m ==(Acm+Ncm)+j(Asm+Nsm); (18) 
IlpH (J^HKCHpoBaHHOM BexTope KaHajia h 
myMOBbie cnaraeMbie Ncm h N S m hbjishotca 
HeKoppejiHpoBaHHbiMH rayccoBCKHMH cjiyMan- 

HblMH BeJIHMHHaMH C HyjieBblMH CpeAHHMH H C 

oahh3xoboh AHcnepcneH, paBHOH 



N 



2T S r E l h i I' 

i =1 



m = 1,M. 



CiieaoBaTejibHO, OCUI b pemaiomeH cra- 
THCTHKe m-ro cHMBOJia naxeTa onpeAejiaeTCH 
Bbipa^ceHHeM 



z = 

m 



' N 



m = 1,M. (19) 



Kax bhaho, Bbipa^ceHHe nan OCllI Ha 

CHMBOJI npH HCnOJIb30BaHHH 3a5IBJI5ieMOrO 

cnoco6a pa3HeceHHOH nepeAa™ HMeeT TaxyK) 
ace cTpyKTypy, KaK h npn onTHMajibHOM 
KorepeHTHOM pa3HeceHHOM npneMe CHrnajia no 
N KaHajiaM pa3HeceHHH [1], 3to roBopwT o 

BblCOXOH 3(J)(}3eKTHBHOCTH H3o6peTCHHfl . 

IlpH K=M pea^iH3au,HH 3asBjisieMoro cnoco- 
6a He npHBO^HT k yBejiHMeHHK) xaHajibHoii 
CKopocTM nepeziaMH (MacroTa cneAOBaHHa chm- 
bojiob, nepe^aBaeMbix Mepe3 xaHaji cbh3h), no 

CpaBHeHHK) C MaCTOTOH CJie^OBaHHfl CHMBOJIOB 

bo bxoahom noTOKe (Ha BxoAe 3aaBji5ieMoro 
cnoco6a). 3to sBJiaeTca BaJKHHM npeHMymecr- 
bom 3a5iBJiHeMoro cnoco6a no cpaBHeHHio c 
H3BecTHbiM cnoco6oM CTD. B cnynae, Koraa 
N>2 h nepejaBaeMbie chmbojih npeacraBjiHioT 
co6oh xoMimexcHbie HHCJia, K=2M h TaKHM 
o6pa30M peajiH3auHA 3aaBJisieMoro cnoco6a 
npHBOAHT k ABVXKpaTHOMy yBejiHH chhio wac- 

TOTbl CJieZIOBaHHH CHMBOJIOB Ha BblXOfle 33HB- 

jisieMoro cnoco6a no cpaBHeHHio c MacTOTOH 



cjieziOBaHHii bo bxoahom noToxe chmbojiob. 
OAHaxo h b 3tom cjiywae 3a^BJiaeMUH cnoco6 
HMeeT 6ojibinoe npenMymecrBO no cpaBHeHHio 
c aHajiornMHbiM no noM exoy ctoh mhb octh CTD, 
nocKOJibxy peajiH3auH5i nocneAHero npHBOAHT 
k N-xpaTHOMy yBejiH^eHHio qacroTbi cjieaoBa- 

HHH CHMBOJIOB. 

3aflBjifleMbiH cnoco6 peajiH3yiOT Ha ycTpon- 
crBe, 6jiox-cxeMa xoToporo noxa3aHa Ha c})Hr.2, 
3. 

Ha nepBbie bxoah 6jioxa pac^eTa ajihhh 
naxeTa chmbojiob 7 h 6jioxa <$>opMHpoBaHH5i 
opToroHajibHbix nocjieAOBaTejibHOCTen chmbojiob 
8 nocrynaeT cnrHaji o xojiHHecrBe nepeaaioiiiHX 
aHTeHH Ha 6a30BOH craHUHH. Buxoahoh cnrHaji 
c 6jioxa 7 CaJiHHa naxeTa chmbojiob) nocTynaeT 
Ha BTopbie bxoau 6jioxa 3 h 6jioxa 8. 

Bxoahoh noTOK chmbojiob nocTynaeT Ha 
nepBbiH bxoa ({5opMHpOBaTeJia naxeTa chmbojiob 
3. B c ootb e tctb h h co bxoahhmh cnraajiaMH 
6jiox 3 cJjopMnpyer naxerbi chmbojiob, xoTopbie 
nocrynaiOT Ha Tperan bxoa 6jioxa c{)opMHpo- 
BaHHfl opToroHajibHMx nocjieAOBaTejibHocreH 
chmbojiob 8. Ha MeTBepTbiH bxoa 6jioxa 8 
nocrynaeT cnrnaji niuxa MoayjinuHH (achctbh- 
TejibHan hjih KBaapaTypHafl) . Bjiox 8 c})opMH- 
pyeT N opToroHajibHbix nocjieAOBaTejibHOCTeH 
chmbojiob AJifl xa^cAoro naxeTa chmbojiob. N 
OpToroHajibHbix nocjieAOBaTejibHOCTeii chmbojiob 
nocrynaKDT c BbixoAa 6jioxa 8 Ha BXOAbi 
cooTBeTCTByiomHx mm MOAyJi^TopoB 5i-5n 
(nepBaa opToroHajibHaa nocjieAOBaTejibHocrb 
chmbojiob nocTynaeT Ha bxoa nepBoro MOAy- 
jiaTopa, BTopaa - Ha bxoa BToporo MOAyAflTopa 
h t.a.). Ha BTopwe bxoam MOAy-naTopoB 5i-5n 
nocrynaiOT BbixoAHbie cnrHajibi c 6jioxa 

(J)OpMHpOBaHH5I nHJIOT-CHrHajlOB. B MOAyjiflTO- 

pax BbinojiHHKDTca onepauHH MonyjinvjAK Hecy- 
nxero xojie6aHHa bxoahmm cnraaJiOM, ycnjieHHe, 
4>HJibTpauHH h t.a. BbixoAHbie cnrHajibi 
MOAyJiHTopoB nocTynaK)T Ha pa3HeceHHbie 
nepeAaioniHe aHTeHHbi 6i-6n. 

PaCCMOTpHM (J)OpMHpOBaHHe opToroHajibHbix 
nocjieAOBaTejibHOCTen chmbojiob b 6jioxe 8 
(<J>Hr.3). 

CnrHaji o xojiHMecrBe nepeAaiomnx aHTeHH 
nocTynaeT Ha nepBbin bxoa 3anoMHHaiomero 
ycTpOHCTBa 11, a Taxace Ha bxoa y3Jia 
npoBepxH 12. Ha btopoh bxoa 6jioxa 11 
nocrynaeT cnrHaji ajihhm naxeTa chmbojiob. 

riaxeT chmbojiob nocTynaeT Ha bxoa 

(J)OpMHpOBaTeJI5I N AHaAHMeCXHX CABHTOB 9. 

Bjiox 9 BbinoJiHaeT N pa3Hbix AHaAHMecxnx 
cabhtob chmbojiob b naxeTe, o6pa3ya TaxHM 
o6pa30M N nocjieAOBaTejibHOCTen chmbojiob, 
xoTopbie nocTynaioT Ha nepBbie BXOAM N y3JiOB 
Hajio^eHHH opToroHajibHoro xoAa 14i-14n 
(nepBan nocJieAOBaTejibHocTb chmbojiob nocry- 
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naeT Ha nepBbiM bxoa nepBoro y3Aa Hajio^eHHa 
opToroHajibHoro koa3 14i, BTopaa nocaeAOBa- 
TcnbHOCTb - Ha nepBWH bxoa BToporo V3A3 14k 
h t.a.) Ha BTopbie Bxoflbi N y3JiOB H3Jio»ceHHfl 
opToroH3AbHoro koa3 14i-14n nocTynaiOT 
BHxo^Hbie curHajibi c 33noMHHaioiuero ycrpon- 
CTBa 11 (opToroHajibHbie koah). B y3Jiax 
14j-14 N t ocyiuecTB^aeTCH HSJioaceHHe opToro- 
HajibHbix koaob Ha o6pa30BaHHbie nocjieAOB3- 

TCJlbHOCTH CHMBOJIOB. CqpopMHpOBaHHbie B 

y3A3X 14i-14n nooieflOBaTe^bHOCTH chmbojiob 
c bmxoaob 3thx y3AOB nocrynawT Ha nepBbie 

BXOabl COOTBeTCTByiOIUHX HM y3JIOB nOBTOpeHH^ 

15i-15n, a TaKa<e Ha BTopue bxoam MyjibTH- 
njiexcopoB 16i-16n h 18i-18n. B y3Jie 
noBTopeHHH KaatAaa BXOAHas nocjieAOB3Tejib- 

HOCTb CHMBOJIOB fl^HHOH M CHMBOJIOB nOBTOpfl- 

eTCfl, b pe3yjibTaTe nojiynaeTca 

nocjieijOBaTejibHOCTb aahhoh 2M chmbojiob, 
KOTopaa nocTynaeT Ha blixoa 3Toro y3Ji3. 
3aMeTHM, ^to onepauHfl noBTopeHHsi, peajm- 
3yeMaa b y3Jiax noBTopeHHH, BbinoAHsieTCfl 

TOJIbKO flJIfl KOMnjieKCHblX chmbojiob. Ha TpeTbH 

bxoah MyjibTuruieKCopoB 16i-16n nocrrynaeT 
BhixoflHOH 6HHapHHH CHrHarc c jiora^ecKoro 
ajieMeHTa H 13. B 3aBncHMocTH ot 3Ha^eHH5i 
3Toro CHrHana Ha buxoau MyjibTHiuieKCopoB 
16i-16n nocTynaiOT nocjieAOBaTejibHOCTH CHM- 
BOJIOB C nepBblX HJIH CO BTOpblX BXOAOB. 

IIocneflOBaTejibHOCTH chmbojiob c bhxoaob 
MyjibTHnjiexcopoB 16i-16n nocrynaiOT Ha 
bxoabi y3JioB KOMimeKCHoro conpaaceHH* 17i- 
17n. B y3Jiax KOMiuieKCHoro conpaaceHHsi 

17l-17N H3MCH5HOT 3HaMCHHH M3CTH CHMBOJIOB 

bo bxoahux nocjieaoBaTejibHOCTflx Ha KOMnjieK- 
CHO-conpaaceHHbie hm 3H3mchh5i takhm o6pa- 
3om, HTo6bi o6ecneMHTb opToroHajibHOCTb Bcex 

CC|)OpMHpOBaHHbIX nOCJICAOBaTeJIbHOCTeH CHMBO- 
JIOB He3aBHCHMO ot 3HaMCHHii CHMBo/iOB naiceTa. 
OpToroHajibHbie nocjieflOBarejibHOCTH chmbojiob 

C BblXOAOB y3JI0B KOMnjieKCHOrO COnpH^CCHHH 

17i-17n nocTynaiOT Ha nepBbie bxoah Myjib- 
THnjieKCopoB 18i-18n, Ha TpeTbH bxoam 
kotophx nocTynaeT cHraaji BHna MoayjinuHH. 

B 33BHCHMOCTH OT 3H3HCHHH 3T0rO CHrHajia Ha 

Bbixo^bi yKa3aHHbix MyjibTHnjiexcopoB h coot- 
BeTCTBeHHO Ha Bbixo^bi 6jioxa 8 nocTynaiOT 
opToroHajibHbie nocjieaoBaTejibHOCTH chmbojiob 
c nepBbix bxoaob (KOMruiexCHbie chmbojiw) hjih 

CO BTOpblX BXOAOB (AeHCTBHTCJIbHbie CHMBOJlbl) 

My jibTHn ji eKCOpoB 18i-18n. 

Bbui npoBeaeH cpaBHHTejibHbiH aH3JiH3 
xapaKTepHCTHK 33SBJi5ieMoro M3o6peTeHHfl h 

H3BeCTHbIX TeXHHHeCKHX peiHeHHH B A3HHOH 
o6jiaCTH TeXHHKH. CpaBHeHHe pa3JIHHHblX 

cnoco6oB pa3HeceHHOH nepeAann cHrnajia 
BbinojiHeHo una, c£>opMaTa CHraajia npflMoro 
KaHana cTaHAapTa CDMA IS-95 [15, OraHjjapT 

COBMeCTHMOCTH a60HCHTCKOH H 6a3OB0H CT3H- 



uhh nan AByxpe^cHMHbix cotobhx ninpoKono- 
jiochhx CHcreM c pacinnpeHneM cnexTpa 
TIA/TIA/IS-95-A, may 1995. 

Telecommunications Industry Association ]. 
riojiyMeHHbie pe3y;ibT3Tbj npHBe^eHbi Ha 

(J)Hr. 11-13 B BHHe 3aBHCHMOCTeH BepOHTHOCTH 

ouiH6oHHoro npneMa qbpeiiMa np^Moro xaHajia 
IS-95 ot BejiHMHHbi OCLQ Ha 6ht b npneMHHKe 
a6oHeHTCKOH CTaHUHH. Pa3Mep 4>peHMa 6biji 
paBeH 192 6nTaM, H3 hhx: 172 hhcJ)opm3u.hoh- 
Hbix, 12 6htob CRC h 8 xboctobux, mto 
cooTBeTCTByeT ckopocth nepeziawH 9,6 k6/c. 

K3^CflblH C})peHM KO-IHpOBaJICfl CBepTOMHbIM 

KOflOM co cjieayioniHMH n3p3MeTpaMn: cxopocrb 

KOAHpOB3HH5I 1/2, KOAOBOe Orp3HHHeHHe 9, 

nojiHHOMbi KOAeps 0753, 0561. MoAejinpoBSHHe 
cnoco6oB PSTD, OTD h no H3o6peTeHHK> 6buio 
BbinojiHeHo Ha CHMBOJibHOM ypoBHe, T.e. He 
6buiH peajiH30B3HU HecymecTBeHHbie Tec- 

THpOBaHHH yK333HHbIX CIIOCO60B p33HeCeHHOH 

nepeaaMH onepaunn HajioxeHHa CHrHaTypHoro 
koa3 no^b30BaTejifl h pacniHpaiomHH cneierp 
CHrnajia nceBAOCJiyM3HHOH nocJieAOBaTejibHocrn 
BC. TlpH MOACJinpoBaHHH DTD 3th onepauHH 

HBJI5HOTC5I CymeCTBeHHblMH, H nOSTOMy CHTHaJI 

BC 6bui CMOAejinpoBaH tomho b cootb ctctb hh 
co craHAapTOM IS-95. TlpH stom hmhthpobs- 
jiHCb cnrnajibi 32 nojib30BaTejien b cotc 
MoAejinpoBaHHe 6hjio BbinoAHeHO jxna ycnoBHH 

He33BHCHMbIX nJIOCKHX p3JieeBCKHX 33MHp3HHH 

CHrnajiOB, npHXOA»mnx b TOMKy npneM3 ot 
p33Hbix nepeASiomnx 3htchh. HacroTa 33mh- 
P3hhh paBH^jiacb 30 Tu. TeHepaTopbi 3aMHpa- 
hhh 6buiH BbinojiHeHbi corjiacHo moacjih 
fl^ceiiKca [16, Casas and Leung, "A Simple 
Digital Fading Simulator for Mobile Radio," 
38th IEEE VTC, June 1988, pp. 212-217]. 
rioMexH HMHTHpoBajiHCb nojiocoBbiM rayccoB- 
ckhm ihvmom. KoMnbiOTepHaa MOAejib npneM- 
HHK3 BKJHOMaJia OAHy npHeMHyio aHTeHHy. 
OueHKH BpeMeHHoro noAO^ceHHH h KOMnjiexc- 
Hbix ora6aiomHX CHrnajioB, npHxoAflmnx ot 
p33Hbix aHTeHH, npeAnoJiarajiHCb coBepiueHHbi- 
mh. J3,eKOAH poBaHHe npHHATbix (JjpeHMOB ocy- 
mecTBJiHJiocb no m^itchm pemeHH5iM B 
cooTBeTCTBHH c ajiropHTMOM BHTep6n. 

KpHBbie PSTD, DTD, OTD h "H3o6peTe- 
HHe" Ha cf)Hr. 11-13 nojiy^eHbi jxjiz cootbctct- 
ByiomHX cnoco6oB pa3HeceHHOH nepeAaMH. 

KpHBbie "CTaUH0H3pHblH K3Hajl" H "0AH3 

nepeAaiomaH aHTeHHa" nojiyneHbi jxjik oahoh 
nepeA3ioiiieH aHTeHHbi, nepBa53 b otcvtctbh e 

33MHp3HHH, a BTOpaH npH H3J1HMHH 33MHpaHHH 

b KaHane cba3h. 

Kax CAeAyeT H3 cpsbhchha kphbmx h3 
c}}Hr. 11-13, HSHJiyMiueH noMexoycTOHMHBOCTbio 
o6A3A3eT 33HBAaeMbiM cnoco6 p33HeceHHOH 
nepeA3^H. ripn N=8 3a5iBAsieMbiH cnoco6 
o6ecne^HBaeT npaKTHMecKH tskvio ^ce noMexo- 
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ycTOMHHBOCTb npneMa b npaMOM xaHajie, mto 

H npH OTCyTCTBHH 33MHpaHHH B xaHaJie CB5I3H. 

B pa6oMen o6jiacrH (BepoaTHOCTb cJjpeHMOBOH 
oidh6xh npHMepHO 1%) SHepreraMecxHH bu- 
Hrpbiui 3asiB-iHeMoro H3o6peTeHH5i no cpaBHe- 
hhk) c ajiropHTMOM nepeaaMH Mepe3 oflHy 
aHTCHHy cocraBJiaeT 4, 7 h 9 aB ajia 2, 4 h 
8 nepeaaiomMX aHTeHH, cooTBeTCTBeHHO. Ymh- 

ThlBafl, MTO eMKOCTb CHCTCM CDMA o6paTHO 

nponopunoHa^ibHa BejiHMHHe OCIU, npn xoto- 
poH o6ecneMHBaeTCH Tpe6ye\ioe xaMecTBO cba- 
3h, cooTBeTCTByiomee yBejiHMeHHe cmxocth 
npaMoro xaHajia cocraBJiseT 2.5, 5 h 8 pa3. 
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Bucoxaa noMexoycroHMHBOCTb 3aaBJifleMoro 
cnoco6a pa3HeceHHOM nepeaaHH CHraajia h 
ycrpoHCTBa nun ero peajiH3au,HH AOcrnraiOTCfl 
3a CMeT acJxfceKTHBHoro pa3HeceHHH Ha ypoBHe 
xaacAoro nepeaaBaeMoro CHMBOJia h nojiHoro 
ycTpaHeHM5i B3anMHbix noMex Me>KAy cHMBOJia- 
mh npHHHMaeMoro naxeTa, KOTopoe nocrHraeT- 
CJ! 3a cmct opToroHajibHOCTH 

nocjieAOBaTe^bHocTeM chmbojiob, nepeaaBaeMbix 
no KaHajiaM pa3HeceHH«. PeajiHsauna H3o6pe- 
TeHna Ha nepeAaioiuen h npneMHOH CTopoHe 
He Tpe6yioT cymecrBeHHbix 3aTpai\ 



OOPMYJIA H30BPETEHHH 



1. Cnoco6 pa3HeceHHOH nepeAaMH cnraajia, 
3aKJnoMaiouaHHCfl b tom, mto cfcopMHpyioT N 
pa3HeceHHbix xaHajiOB nepeAaMH CHraajia, M3 
BXOAHoro noTOKa 4>opMHpyiOT naxera no N 
chmbojiob, omjiunatou^uucsi TCM, MTO (J)OpMH- 
pyioT naxeTbi no M > N chmbojiob, ecjiH N 
He paBHO CTeneHH MHCJia ABa, H3 chmbojiob 
xaagjoro naxeTa cfcopMHpyiOT N opToroHajibHbix 
nooieaoBaTejibHOCTeH chmbojiob TaxHM o6pa- 
30M, mto6m xa^aa H3 hhx coAepacajia Bee 
CHMBOJibi naxeTa, npHMeM npaBHjio cfiopMHpo- 
BaHHfl opToroHajibHbix nocjieAOBaTejibHocreH 

CHMBOJIOB AOJI2CHO 6bITb H3BeCTHO Ha npHCMHOH 

cropoHe, Ha3HanaioT xaHaji pa3HeceHHH xaamoH 
cqbopMHpoBaHHoii opToroHajibHOH nocjieaoBa- 
TejibHOCTH chmbojiob xaacAoro naxeTa h 
ocymecTBJiHioT nocJieAOBaTejibHyio nepeAaMy 
naxeTa. 

2. Cnoco6 no n.l, omjiunafou^uucsi tcm, 

MTO BXOAHOH nOTOX CHMBOJIOB COAepSCHT 
HH(J)OpMaUHOHHbie H nHJIOT-CHMBOJIbl. 

3. Cnoco6 no n.l, omjiunatoinuucsi tcm, 
mto naxeTbi no M chmbojiob qbopMHpywT H3 
bxoahoto noTOxa chmbojiob t3xhm o6pa30M, 
mto6h xa^AHH naxeT cocToaji TOJibxo H3 

HHQbopMaUHOHHHX CHMBOJIOB HJIH H3 nHJIOT- 
CHMBOJIOB. 

4. Cnoco6 no n.l, omjiunaiot^uucsi tcm, 
mto (J)opMHpysi naxeTbi no M chmbojiob, 
Bhi6HpaiOT M > N, ecjiH mhcjio xaHajiOB 
pa3HeceHH5i paBHO creneHH MHCJia ABa, b 
npoTHBonojio^cHOM CJiyMae 3a M Bbi6npaiOT 
6jiH»caHuiee npeBOCxoAHiuee N mhcjio, xoTopoe 
paBHO CTeneHH MHCJia Asa. 

5. Cnoco6 no n.l, omjiUHatou^uucsL TeM, 
mto, cjDopMHpya N opToroHajibHbix nocjieAOBa- 
TejibHOCTeH chmbojiob, ocymecTBJi5iK)T N pa3- 

JIHMHblX AHaAHMeCXHX CABHIXDB HCXOAHOH 

nocjieAOBaTejibHOCTH chmbojiob naxeTa, o6pa3ya 
N nocjieAOBaTejibHOCTen chmbojiob. 

6. Cnoco6 no n.l hjih 5, omjiunafou^uucsi 
TeM, mto ecjiH CHMBOJibi naxeTa sBJiHKnxa 

AeHCTBHTejIbHHMH MHCJiaMH, TO, (fcopMHpyfl N 



opToroHajibHbix nocjieAOBaTejibHOCTen chmbo- 
jiob, ocymecTBJiHioT yMHO^ceHHe chmbojiob b 
o6pa30BaHHbix nocJieAOBaTejibHocTHx Ha xo3(}>- 

(JjHUHeHTM +A hjih -A, rAe A - OTJIHMHOe ot 

Hyjia AeiicTBHTejibHoe mhcjio, t3xhm o6pa30M, 
MTo6hi o6ecneMHTb opToroHajibHocrb Bcex cqbop- 

MHpOBaHHHX nOCJieAOBaTeJIbHOCTeH CHMBOJIOB 

He3aBHCHMO ot 3HaMeHHH chmbojiob naxeTa. 

7. Cnoco6 no n.l hjih 5, omjiimaioiqiiucsi 
TeM, mto ecjiH chmbojih naxeTa «bjihiotc53 
xoMiuiexcHMMH MHCJiaMH h N=2, to, qbopMHpyfl 
opToroHanbHbie nocjieAOBaTejibHOCTH chmbojiob, 
ocymecTBJiHioT yMHoaceHHe chmboaob b noji- 
yMeHHtix nocjieAOBaTeJibHocrax chmbojiob Ha 
xoaqbqbHUHeHTbi +A hjih -A, rAe A - otjihmhoc 

OT Hyjlfl AeHCTBHTeJIbHOe MHCJIO, H H3MeH5IK>T 
3HaMCHHH MaCTH CHMBOAOB Ha XOMIUieXCHO 

conpfl^ceHHbie mm 3HaMeHHa TaxHM o6pa30M, 

MT06bI o6ecneMHTb OpTOrOHaJIbHOCTb cc{)opMHpo- 

BaHHbix nocjieAOBaTejibHOCTeii chmbojiob He3a- 

BHCHMO OT 3H3MCHHH CHMBOJIOB naxeTa. 

8. Cnoco6 no n.l hjih 5, omjiuHa/ou^uucsi 

TeM, MTO eCJIH CHMBOJibi naxeTa 5IBJiaK)TCfl 

xoMnjiexcHMMH MHCJiaMH h N>2, to, 4>opMHpya 
N opToroHajibHbix nocjieAOBaTejibHOCTen chm- 
bojiob, ocymecTBJiHioT noBTopeHne xa»aoH 
o6pa3QBaHHOH nocjieAOBaTejibHOCTH chmboaob, 
o6pa3ys N nocjieAOBaTejibHOCTen chmbojiob 
aahhoh 2M chmbojiob, yMHO^caioT chmbojih b 
o6pa30BaHHbix nocjieAOBaTeJibHocTflx chmbojiob 
. Ha xoacJxj^HUHeHTbi +A hjih -A, rAe A - 
OTJiHMHoe ot Hyjia AencTBHTejibHoe mhcjio, h 

H3MeH5lK)T 3H3MeHH51 M3CTH CHMBOJIOB Ha 

xoMnAexcHO conpa»:eHHbie hm BeJiHMHHbi TaxHM 
o6pa30M, mto6h o6ecneMHTb opToroHajibHOCTb 
Bcex cqbopMnpoBaHHbix nocjieAOBaTejibHOCTen 

He3aBHCHMO OT 3H3M6HHH CHMBOJIOB naxeTa. 

9. YcTpoHCTBO pa3HeceHHOH nepeAaMH 
CHraajia, coAep?xaiuee 4>opMHpoBaTejib naxeTOB 

CHMBOAOB, 6JIOX (J)OpMHpOBaHHH nHJlOT-CHrHa- 

jiob, N MOAyiiHTopoB h N nepeAaKDmHX aHTCHH, 
npH 3TOM nepBHH bxoa 4)opMHpoBaTeJifl 
naxeTOB chmbojiob aBJiKeTca nepBHM bxoaom 
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*aoir 

-OSWH3 H3XDOHqif3XEaOl?3irD0II XKHqiTEHOJOXdO 

BHHBaodHwdocf) nxoirg wotroxwa Xws wHtnoi 
-Kaxoxsaxooo o h3hh!T3od udoxBirKtrow aiotraceM 
troxa Hodoxa 'eaxoHodxoX wotroxa wnqxadx bdxs 
-tfirgs aouoawHD HaxooHqirsxeaotfairoou xiqHqin?H 
-oioxdo KHH^aodHwdocJ) EMOirg troxa HHxdaaxah 
'aoiroawHD aox^xeu uiraxeaodHwdocf) wotroxna 
d H3HHtT30D oxodoxox troxa HHxadx 'aoir 
-oawHD HSxooHqiraxEaotteirooii xwHqirBHOioxdo 

BHHBaodHWdOCf) EMOIT9 H aOL'OaWHO 30X3XBU 

Kir3XBaodHwdo$ Hwetroxa Hwwdoxa od HSHHtraoD 
8€ t 



aoiroawHD bxsmbu HHHirtr ExaioEd EMOirg 
iroxiqa 'caxoHodxo/C troxa Hodoxa uKeedgo 4 rh 
-SHHtr^qgo aoiroawHD HSxooHqiraxBaotteiroou xhh 
-qirBHOJOxdo KHHBaodHwdocf) exoirg h aoiroawHD 
BX3MHU WHHirtr BxahDBd exoirg wtfoxa aiqadau 
woxe Hdu *aoiroawHD HSxooHqiroxeaotteirDou xhh 
-qiTHHOioxdb BHHBaodnwdocf) Moirg h aoiroawHD 
exsxeii RHHirtr exahoed xoirg iqHstrsaa oxh 

*W9X KDaainCHDhTlirUiO 'H0HH3XHB £W9 H31HCH 

-Xaxoxaaxooo d hshhMoo edoxKirXtrow aiotrxcex 
tfoxiqa *aoirBHJHD-xoiTHu BHHEaodHwdocf) exoirg 
wotroxna £wa wmnoiXaxoxsaxooD 3 H3HHtteOD 
BdoxBir^trow 0J01T5KBM troxa Hiqadsu 'eaxDHodxoA 
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nOTOK CHMBOJIOB 
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naKeiu chmbojiob 



CHMBOJl 



Our. 4 



N=2 M=2 



CuMBonbHbie MHTepBanbi 



ai a 2 



naKeT cmmbotiob 
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riepeAaKDiyne 
aHteHHbi 



cfDopMnpyeMbie opToroHanbHbie nocneflOBaTejibHocTH 
Our. 5 
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CMMBOnbHbie MHTepBa/lbl 



N=4 M=4 



ai a 2 a 3 a 4 
1 y ' 

naKeT cmmbojiob 



nepeAaiouune 

■j aHTeHHbl 




aj, i = l,N - AewcTBMTenbHbie MMC^a 



<t>ur. 6 



CuMBonbHbie MHTepBanw 
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ai a 2 a 3 a 4 
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naKeT cumbojiob 
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aHTeHHbl 
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M=4 



ai 


a 2 


a 3 


a 4 — 


WrxonHaii nocjieiiOBaTejn>HOCTi> chmbojiob 
b naxeTe (#Ha£HHecxHH cjUBHr Ha hojib). 


a 2 


ai 


a4 


a 3 — 


TTwarrprqecKHH CUBHr Ha OICHH HCXOjmoii 
nocne^OBaTejiBHOCTH chmbojiob b naxeTe 


a 3 


a 4 


ai 


a 2 


^HaflPTHeCKHH CflBHT Ha JXB& HCXOflHOH 

nocjieAOBaTejiBHOcTH chmbojiob b naxeTe 


a 4 


a 3 


a 2 


ai — 


^HaflHHeCXHH CffBHT Ha TpH HCXO^OH 

nocjieflOBaTeJiBHOcra chmbojiob b naxeTe 
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OCLU Ha 6ht, aB 
&UT. 12 




OCUJ Ha 6mt, aB 
Our. 13 
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